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Introduction The Standard Model and the Top Quark

The Standard Model
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The Standard Model and the Top Quark

. H Top Quark
Higgs

o Observed at Tevatron (1995)
o Very heavy

o m; =~ 173 GeV /c?
o Very short lived

o No time to form hadrons
o Unique opportunity to study a
“bare” quark

GAUGE BOSONS

Mysterious particle
Properties need to be further understood

Ziging Hong (Texas A&M University)



The Standard Model and the Top Quark

- O {Top—quark pair production

X ﬁ,o/"v at the Fermilab Tevatron
® <® ® <® O Om Om O pp collision at Tevatron
’ s o CP even initial state .
S0 N, o Different from pp collision and
- fb CP odd initial state at LHC
\ o Unique production mechanism
Jet » 85% quark annihilation (a)

15% gluon fusion (b)

N ' Q. ; : .
000O( /()()()()( e LHC is gluon fusion dominated
£ ' 3 (5\9 : (> 90%)

(a) (b)
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The Standard Model and the Top Quark

Jet

/Ow { Top-quark pair production
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N\ O at the Fermilab Tevatron
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Jet / particles interact

o Tevatron experiment sensitive
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a t JJ/ production mechanisms and
0000 S om)m oroperties
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AFg: Smoking gun for new physics?

A%,
o Cross-section, mass and width measured & agree with SM
What else can we learn about tt produced at Tevatron?

at Tevatron

o Angular distribution
o Simplest observable:

forward-backward asymmetry (Agg)

oY)

p (q,8) (q g)e Does top quark prefer proton
direction or the opposite?

h, o Can measure rapidity difference
: between top and anti-top

o Define Afg of tt production:
y— L EEP & N(Ay >0)— N(Ay <0)

AL —
2 E—p; BT N(Ay > 0) + N(Ay < 0)

Ziging Hong (Texas A&M University)



tt
Arg

at Tevatron

AFg: Smoking gun for new physics?

What does the SM predict?
o No net preference in leading order diagram

o At next-to-leading order (NLO):

top quark slightly prefers proton direction

(forward)
—Interference among diagrams

Sl
Sl

o We compare to AL5(NLO SM) = 0.088 =+ 0.006

(PRD 86,034026 (2012))

o However, different SM calculation
gives different answers and
uncertainties

o SM caIcuIatlon still progressmg

o<
S o=
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AFg: Smoking gun for new physics?

AL at Tevatron

e Previous experimental results?
CDF: Aﬁ% = 0.164 + 0.047 (PRD 87, 092002 (2013))

DO: AL = 0.106 + 0.030 (arXiv:1405.0421)

o Measured result from CDF in tension with SM
prediction, with result from DO in between

o
<LL |- —— CDF Data, 9.4 fb™

o Perhaps more important: o - (o0 s atoTICev)”
tz_ . r ay,, =34+ 1.2)x10* (GeV/c?)™
Afg vs. myz deviates from SM
prediction

02—

o Anomalously large Aty —
%50 4(‘)0 45‘0 530 5;0 GAU Géﬂ 71‘)0 750
SmOklng gun for new phySICS? Parton-Level M, (GeV/c?)

Ziqing Hong (Tex:



Introduction AFg: Smoking gun for new physics?

AL at Tevatron

Possible alternative hypotheses?
Models beyond the SM can predict large At
o Axigluons
o Flavor-changing Z’ boson
o Beyond-SM W’ boson
o Beyond-SM Higgs boson
o Extra dimensions

Ziging Hong (Texas A&M University)



Introduction Searching for more evidence

AL at Tevatron

How to look for more evidence for/against
new physics?
Pursue in two directions
o Measure A,EE with more tt events in other final
states

o Measure other related observables

Ziging Hong (Texas A&M University)



Introduction Searching for more evidence

Top-Quark Pair Deca
o How does top quark decay’

o t — Whb almost 100% of time

o Three types of final states based on  .een
W decay mode:

<

proton
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q
o

proton

antiproton
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Introduction

Top-Quark Pair Deca
e FHow does top quar

decay
o t — Wh almost 100% of time
o Three types of final states based on
W decay mode:
o All hadronic<Difficult channel

e Large branching fraction

o Hard to determine jet energy/charge
o Hard to reconstruct tt

Ziging Hong (Texas A&M University)
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Top-Quark Pair Deca

o How does top quar
o t — Wb almost 100% of time

o Three types of final states based on
W decay mode:

o All hadronic+ Difficult channel

e Large branching fraction
o Hard to determine jet energy/charge

e Hard to reconstruct tt

o Lepton+jets<—Previous result

o Decent branching fraction
e Lepton provides additional handle

Ziging Hong (Texas A&M University)

decay!

Searching for more evidence
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Searching for more evidence

o How does top quar
o t — Wb almost 100% of time

o Three types of final states based on
W decay mode:
o All hadronic<Difficult channel
o Large branching fraction
o Hard to determine jet energy/charge
 Hard to reconstruct tt
o Lepton-jets«<—Previous result
o Decent branching fraction
e Lepton provides additional handle
o Dilepton <-Focus of this talk
o Small branching fraction
o Leptons precisely measured
e Two /'s, hard to reconstruct tt

Ziging Hong (Texas A&M University)
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Introduction Searching for more evidence

Additional tt events in

o Previous measurement based on proton
lepton+jets final state

antiproton

o Can measure Afg in dilepton

o Independent dataset with extended detector coverage,
different background constitution and estimation methods

o Need to reconstruct 4-momentum of tt
—Tough job in dilepton

e More on this later

Ziging Hong (Texas A&M University)



Searching for more evidence

Other observables?

o Two equally important observables ®
with leptons o W :
i q g t b
o Leptonic Arg ; :
9 f
R Af;B _ N(qﬂ?E > 0) - N(CMW < 0) antiproton 2 .
N(gene > 0) + N(qem, < 0) .

o Also lepton pair Arg defined with
lepton 1 difference, only in dilepton
o Why consider Afg?

o Lepton angles precisely measured
o Tend to follow direction of parent tops

antiproton

Ziging Hong (Texas A&M University)




Searching for more evidence

ALy at Tevatron

o NLO SM prediction: AL, = 0.038 4 0.003
o Prediction with new physics?

o Based on CDF AL result (0.16 + 0.05), !
assuming everything else SM-like:

Example:

0.070 < Aty < 0.076 Axigluon model
. /T ¢ | (m=200GeV/c* I =50 GeV)
o In new physics models, Agg and Agg L AR = 0.12

are not correlated. _ 006 < AéB < 0.15
o Independent measurements of depending on handedness of

couplings

AtL and Agg are crucial (PRD 87,034039 (2013))

Ziging Hong (Texas A&M University)



o Lepton pair Arg o

Y44 — N(AT] > O) - N(AT] < 0) proton & v
P8 N(An > 0) + N(An < 0)

o NLO SM prediction: Afy = 0.048 +0.004 =%

o Larger expectations

o Only defined in dilepton, smaller statistics

o Provide extra information to help constraining new
physics models

Ziqing Hong (Texas



ALy at Tevatron

o Measurement of ALz in lepton-+jets at CDF

[A‘;B = 0.094133% PRD 88, 072003 (2013)]

o 1.90 larger than NLO SM calculation of 0.038 £ 0.003

o Large AL, holds in Al in the same dataset

o New results presented today:

@ Confirm or deny this anomaly large asymmetry (Afg and
Atg) with the dilepton final state

@ Measure A%y

@ What is the best-word-understanding of the Arg results?

Ziqing Hong (Texas



Tevatron and CDF

Tevatron

FERMILAB'S ACCELERATOR CHAIN

77— - _ MAIN INJECTOR

(S o pp collider

¢ E-CV:CV:E.E\‘\ R
tEVATI‘!I'le_‘f — \k\ _ \\\
I"E//l/ ;2;:; = — 1 'i:/'/?/‘/;mmn HALL L C e n te r_ Of_ m a Ss e n e rgy
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\\\\:\‘ \\\ {S{ ;\‘suuncs 1 .96 Tev

=/
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7 e o Run 1l delivered 12fb~*
o Acquired ~ 10fb~! by CDF

Ziging Hong (Texas A&M University)



Tevatron and CDF

Tevatron and CDF

CDF

o General purpose detector
o Solenoid (1.4 T magnetic
field)
o Tracking system
o Calorimeter system
o Muon detectors

o Coverage in tt dilepton

EEEEEEEEEEEEEEEE o Electron: |n| < 2.0
“““““““““““““““ o Muon : |n| <11
o Jets i |n| <25

N\
H

7&.* Q4 —

V

////////‘
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tt — dilepton

o Arg measurement in lepton+jets: done

o Go after the next important final state:
tt — dilepton

Ziqing Hong (Texas



tt — dilepton

tt — dilepton
Event selection

o Need a sample enriched by tt
events with dilepton signature:

proton

antiproton

Ziging Hong (Texas A&M University)



tt — dilepton

tt — dilepton
Event selection

o Need a sample enriched by tt
events with dilepton signature:

o Two opposite charged leptons

antiproton

Ziging Hong (Texas A&M University)



tt — dilepton

tt — dilepton
Event selection

o Need a sample enriched by tt
events with dilepton signature:

o Two opposite charged leptons proton i
o At least two jets

antiproton

Ziging Hong (Texas A&M University)



tt — dilepton

tt — dilepton
Event selection

o Need a sample enriched by tt
events with dilepton signature:

o Two opposite charged leptons
o At least two jets

Ziging Hong (Texas A&M University)



tt — dilepton
Event selection

o Need a sample enriched by tt
events with dilepton signature:

o Two opposite charged leptons orofon w v
o At least two jets
] Use S||ght|y improved antiproton
tt —dilepton data selection Y
criteria

(details in the backups)

Ziqing Hong (Texas



tt — dilepton

tt — dilepton
Signal and backgroun

o Signal modeling:

o Prediction with POWHEG MC

) ) Source Events
(NLO SM with QCD correction) Diboson 314459
o Background modeling: Z /7 +ets 50.5+6.2

o Diboson production (WW ,WZ,Z2Z,W~) W-tjets fakes 64+17

MC prediction tt non-dilepton  14.6+0.8
° Z/’y*—l—jets Total background 160421

MC prediction with correction from data tt (0 =74pb)  408+19
° W+jets Total SM expectation 568440

Data-based Observed 569

o tt non-dilepton
Prediction with POWHEG MC

o Agreement is excellent (I\/Iaybe too good? Probably Iuck)

Ziging Hong (Texas A&M University)




tt — dilepton

o Hard to reconstruct of 4-momentum of tt in
dilepton

o Measure Aty and AL first

o Continue with the full At afterwards

Ziqing Hong (Texas



Alternative Signal Mode

o What does the 7, spectra look like in various scenarios?
o Test the measurement with both SM and BSM models

o Simulate tt in various tt production mechanisms
o SM sample: PYTHIA/ALPGEN (LO) and POWHEG (NLO)

o Benchmark BSM model w/ axigluon
o Many more simulated and studied

o Span large range of ALz and A

Model  Afg (Parton Level) Af (Parton Level) Description
AxiL -0.063(2) -0.092(3) Left-handed  Tce_jevel axigluon
AxiR 0.151(2) 0.218(3) Right-handed m = 200 GeV /c?
Axi0 0.050(2) 0.066(3) Unpolarized =50 GeV
ALPGEN 0.003(1) 0.003(2) Tree-level Standard Model
PYTHIA 0.000(1) 0.001(1) LO Standard Model
POWHEG 0.024(1) 0.030(1) NLO Standard Model
Calculation 0.038(3) 0.048(4) NLO SM (PRD 86 034026 (2012))

Ziging Hong (Texas A&M University)



AfFpg measurement methodology

ALz Methodology - Int

qene spectrum

.:UjT C Palrton levtlel I I I 7] + AxiLL
= .5 002 1 AxiR
s - 11+Axi0
= = 0.01E JTALPGEN
= r 1-+POWHEG
S 8 [ ]

CRN __{tPYTHIA

~— -4 4

qim

o Difference among models are small

o Shapes almost identical, tiny shift in the mean
o Acceptance in detector limited

o No acceptance beyond |gem| = 2

o Need a clever way to measure the subtle difference

Ziging Hong (Texas A&M University)



AFp measurement methodology

ALz Methodology -

:@ r Parton level ' ] +AxiL
/E\ DE 0.02fF _:+AxiR
§/ o . :+Axi0
= g 0.01 _ _:+ALPGEN
% —é [ :+POWHEG
2t PYTHIA
— -4 2 4
qin

o Decomposition of g1, spectrum into symmetric and

asymmetric components:

N(qeme) + N(=qeme) . N(qeme) = N(=qeme)

S(qme) = Algene) =

2 N(qeme) + N (=qeme)

;(f\ 0.04 _\\ Parton level _- “+AxiL 0.4 Parton' level ) /’_/’_r_: —+AxiL

. 5 : ]+AxiR e {+AxiR

SN y 1+Axi0 ¥ 1+Axi0
= < 0.02 ++ALPGEN +ALPGEN
“ = ]+PowHEG| {+PowHEG
i:‘*/ 00 1 5 ; . 1 PYTHIA 5 PYTHIA

Ziging Hong (Texas A&M University)



Afg measurement methodology

ALz Methodology - |

0.4 [ Parton level

Parton level

o
o
g

J+AxiL
1+AxiR
_: +Axi0

S (qm)
A (qm)

(Arbitrary Units)
3

PYTHIA

“+ALPGEN
J+PowHEG
PYTHIA

qin

o S(qumy) consistent among models

Ziging Hong (Texas A&M University)




Apg measurement methodology
¢
Arg Methodology - |

— —

2 i [ Parton level E :

= 0.04 Parton level +AxiL 0.4 [ Parton leve __+AXfL

<3 PN 1+ AxiR
S s 02r 1+Axio
o foo = ok +ALPGEN
» = = E ]+PowHEG

< 02p J-+PYTHIA

0
— % 1 2 3 4 =5 0o 1 2 5
am qQn

o S(qumy) consistent among models
o A(qumy) very different for different models

o Sensitive to different values of Aty

Ziging Hong (Texas A&M University)



Apg measurement methodology
¢
Arg Methodology - |

4 [ Parton level J+AxiL

' 1+AxiR

J+Axi0
“+ALPGEN
J+PowHEG
PYTHIA

Parton level

o
o
g

Alqm)

S (am)
(Arbitrary Units)
S

Not well modelled
for gqmy > 2.5

. But contribution
o A(qimy) well modeled with a - tanh(iqgm here is tiny

Detector only

o Function empirically determined goes out to 2.0

Ziging Hong (Texas A&M University)



Apg measurement methodology
ALz Measurement Me

o Aty rewritten as

e _
Arg =

157 dgemeA(qene)S(qene)
157 dayn,S(aym,)

—— POWHEG + /+JetsData —— Fit A@qy,)

0.3|

° Asz measurement in |epton_|_jets | Uncertainties: 1 1o(stat. +sys.) BN +1o(stat.)

CDF Run 1l Preliminary J£ =9.4/f6

based on this decomposition and

lep
Arg

1
a- tanh(iqgm) modeling
Ao = 0004°135

o 1.90 larger than SM

70'00 0.2 0.4 0.8 1.0 1.2

0.6
1ay.l

PRD 88 072003 (2013), CDF

Ziging Hong (Texas A&M University)




AFp measurement methodology

ALz Methodology St

Why does the a - tanh model work so well?
e qny spectrum actually well described by a double-Gaussian

—+-POWHEG t

— Double Gaussian Parton level

Gaussian 1
[] Gaussian 2

d(N) /d(qm:)
(Arbitrary Units)

cp, aim
o Aty comes from shift in mean
— ALy Iine%rzly related with mean in regime of interest

[ 7 I+ AXIL -
o1F Ay =082xp 1+ AxiR arXiv:1403.7565
f o 1+ Axi0
< f ~ 14 ALPGEN hep_ph
ok ¥ 3
S J+rowneq |/ Hong et al.
[ & ]+ PYTHIA
01T 0 01 o2 accepted by PRD

Ziging Hong (Texas A&M University)



AfFpg measurement methodology

ALz Methodology St

o Double-Gaussian does better job in modeling
differential asymmetry in large gyny region

0.4 '_Partor; level ' ' : J+AxiL
. 1+AxiR
S 02p 1+Axi0
= DTS e e +ALPGEN
< ¢ M o\ —_J+POWHEG

0.2F +‘+ + . J-+PYTHIA

0 1 2 3 4 5
Qn

o A(qumy) still most sensitive way to measure Af:B

o Provides better effective measure of mean
o Acceptance of detector mostly cancels out

Ziging Hong (Texas A&M University)



AfFpg measurement methodology

ALz Methodology Stu

o Another way of looking at data:
Differential contribution to Atg

o What do we learn? S o
A lv f 2.0 3 15 Sonerstor Lovel ]
o Asymmetry mostly from || < 2. £ ¢ STt
o Best detector coverages here  §= 4 — — Two-Gauseian model]
T2
525
o
a

1
e a-tanh (ECM’/]@> is excellent for

o

|qg7]g| <25
o Mismodeling in region
with small contribution

» More than good enough

o Moving forward with a - tanh model with confidence

Ziging Hong (Texas A&M University)



AfFpg measurement methodology

ALz Methodology - Int

e a - tanh model works well at parton level

0.2 j_Parton level _: ® AxiL
—05 “r 1" AxiR
Z 01F 44 Axi0
% - x A 1Y ALPGEN
\é Uy ' J * POWHEG
01 Lo . . PYTHIA
0.1 0 0.1 0.2
ALy (Generated)

o Does detector response affect the measurement?

Ziging Hong (Texas A&M University)




Afg measurement methodology

ALz Methodology with

o Detector response mostly cancels out in A(qem¢)

o No noticeable bias observed

o Measurement strategy:
o Subtract off backgrounds

o Fit A(qeme) with a-tanh (;qmg>

o Obtain S(q,m¢) from POWHEG
simulation at parton-level

o Calculate Aty with A & S
o Correct for detector response
and extrapolate to inclusive
Atg simultaneously

Alqm)

L s (Measured)

tt— 1T~ + 2jets + By

CDF Run II Preliminary(9.1 fb ')

0.4 :_ _:+AX1L
b 1+AxiR
0.2 1-+Axi0
R e G —s—
o pEm———— =+ALPGEN
K +POWHEG
0.2p ]+ PYTHIA
0 0.5 15 2
amnm
tt— 1T~ + 2jets + By CDF Run II Preliminary(9.1 fb~*)
0.2 _ _f+AxiL
o AxiR
0.1F ’ J+Axi0
o . 1-+ALPGEN
oF . 3
E . 5—+—POWHEG
01E J-+PYTHIA
-0.1 0 0.1 0.2
ALp(Generated)

Ziging Hong (Texas A&M University)



AEg in dilepton and combination at CDF
/B :
Agg in dilepton

o Measure Aty with CDF full

dataset in dilepton (9.1 fb_l) I ATy .
, = ; F i i Background
Apg = 0.072 £ 0.052(stat) +0.030(syst) 5 °°F J%ﬁ@ _;l _
= 0.072 £+ 0.060 s 200;— —7:;:":1
;i
Cf. Afg(SM,NLO) = 0.038 % 0.003 3o T

25050 05 1 15 2

o Dominant uncertainty is statistical 0,

ft— I +2jets + By CDF Run Il Preliminary (9.1 fo ')

' ' ' 54—+ Data
—Fit

71—~ POWHEG tt

— Uncertainties

o Table of systematic uncertainty in
backup

1 Stat.
- [l Stat.+Sys.

o Result consistent with prediction :
of new physics from leptonjets, S
but also consistent with SM

Ziging Hong (Texas A&M University)



Agg in dilepton and combination at CDF

AL, in dilepton

o Measurement techniques b IR o
validated for A% as well. 2 ol }/i e
: g f + ] Weosss
o Measure AffB with the same = 100l t —/‘)
method : £ 1
(g 108 3 gt ++++ E +:alaSMExp.
£ 1oof ;
AFB = 0.076 £ 0.072(stat) £ 0.039(syst)  © jad FUSSSTOSISSINSE AR
— 0.076 + 0.081 o ‘
o 17+ 2jets + By CDFRunIJPreIlmmary(QHb )
0'5. ' .—l—Data
Cf. Alg(SM,NLO) = 0.048 + 0.004 -t L o
2 or = _Uncirlainties
o Dominant uncertainty is statistical ® T Josm
. i 05 1l Stat.+Sys.
o Result consistent with SM R

Ziging Hong (Texas A&M University)



AEg in dilepton and combination at CDF
Ak combination at C

o Combined Aty measurements at
CDF

Agp at CDF
o Based on best linear unbiased CDF combination 1 _e— 903
estimator (B LU E) CDF L+J (94 fb ) o 0424722

PRD 88,072003 (2013) dstat syt

o Result is 20 larger than NLO SM  |cor o 0.1 01

PS 72+£52+3.0

H H . arXiv:1404.3698 dstat  syst
pred Iction: NLO SM calculation 3.8 + 0.3
W. Bonn‘ou‘th(‘l and ZA—‘G. Si PRD ‘861)3 1026 (:‘2(112:)
Af —0 090+0.028 -20 10 0 10 20 3
FB ' —0.026 AL (%)
FB

o Paper accepted by PRL
(arXiv:1404.3698, CDF).

Ziging Hong (Texas A&M University)




Agg in dilepton and combination at CDF

AE; in dilepton and CI

o Observed large Aty in dilepton as well, continue
pursuing Af; measurement in dilepton

o Then A, combination at CDF

Analysis in progress!

Ziging Hong (Texas A&M University)



Prospects for a final Tevatron combination

Prospects for a final

o DO recently released measurements of Atg, Ats and AL
o Results from DO smaller, consistent with both CDF and SM

tt Ay Asymmetry

CDF 9.4 fb™
—_——
_ 16.4+4.7%
Lepton+jets D0 9.7 fb”'
—— 106+3.0%

Lepton qn Asymmetry
Lepton+jets —_—— 9.4%72%
Dileptons —_o 79 irG.O %

Lepton+jets ——eo—— 5.0, %
Dileptons ———@—— 4.4139%

Lepton An Asymmetry
@ 7.6 £82%
—_—— 12.3+5.6 %
Bernreuther & Si, Phys.Rev., P86 (2012) 034026 |
0 5 10 15 20

Asymmetry, %

Dileptons

Ziging Hong (Texas A&M University)



Prospects for a final Tevatron combinaH NN

o6 DG, 9.7fb!
o Total values agree within errors - —+F
o Differential distributions have
. . . .02 ¢ Data —MC@NLO
Inconsistencies . §iPRD86,034026  } CDF Dala
o This might account for the differences Gy
o Both experiments working to oo 0,70
H 05 t
understand the differences " wceno
o Are the two experiments measuring the < oo © 7% [
same observables? ‘:7 ‘ﬁ*
o Different techniques causing bias in :ﬁff ——
either /both experiments? 7 |4yl
o Statistical fluctuation? = |
. 102— ‘ j
o Plan: understand the difference and % 4.
. . o s } DO I+jets, 9.7 1"
make Tevatron combinations of A[FB, :;:_? oo e ot
144 tt 20 ! CDF diepton, 91fb‘
Arg and Agg >

Leveliiiln
02 04 06 08 1 121A1618 2

ly,|



Conclusions

o The Agg of top-pairs at the Tevatron continue
to be tantalizing

o Measurements of Aﬁ%, AﬁB and Aﬁ% provide
complementary handles to probe the production
and decay of tt

o Aty at CDF shows 20 deviation from NLO SM

o Measurement of Afj; in dilepton in progress
o Understanding the difference between CDF and
DO measurements
o Looking forward to a final word on this important
question from Tevatron as it isn't clear if it can be
resolved at the LHC
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tt — dilepton
event selection criteria

Exactly two leptons with Er > 20 GeV and passing standard identification requirements with
following modifications

-COT radius exit > 140 cm for CMIO
-x?/ndf < 2.3 for muon tracks
At least one trigger lepton

0
5 At least one tight and isolated lepton
E At most one lepton can be loose and/or non-isolated
g’ E+ > 25 GeV, but £+ > 50 GeV when there is any lepton or jet within 20° of the direction of £
MetSig (= \Z_:fm) > 4 +/GeV for ee and pu events where 76 GeV /c? < my < 106 GeV /c?
my > 10 GeV/c?
_ Two or more jets with Er > 15 GeV within || < 2.5
& £ Hr> 200 Gev
A O

Opposite sign of two leptons

Ziging Hong (Texas A&M University)




tt — dilepton
Signal and backgrou
Validation

Lepton pr 2y

: i -1
© 500 f,_CPF R IIt{Pr(‘lllx‘xxlll\ax;.(Q.l ﬂ)E ) + Data + Data
+ 2jets + Ep
% wol ” e 3
© I Background - Background
<1300 <L
3 E @ -
g B POWHEG (f = POWHEG tf
2,200 = (o = T7.4pb) 4 (o = T7.4pb)
Q E =
~ 100 3% systematic 17 Systematic
E% Uncertainty 54 Uncertainty
- 0 z
2 58 T~ Data-SM exp @ 4+ Data-SM exp|
® ., Systematic = .., Systematic
g -50 77 Uncertainty A 47 Uncertainty
50 100 150 200 200
an aim

Agreement is excellent

Ziging Hong (Texas A&M University)
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Systematic uncertainty of Atz measurement

CDF Run Il Preliminary (9.1 fb™!)
Source of Uncertainty
alue
(Afs)

Backgrounds 0.029
Asymmetric Modeling 0.006
Jet Energy Scale 0.004
Symmetric Modeling 0.001
Total Systematic 0.030
Statistical 0.052

Total Uncertainty  0.060

Ziging Hong (Texas A&M University)
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Systematic uncertainty of Af; measurement

CDF Run Il Preliminary (9.1 fb™!)
Source of Uncertainty
‘ alue
(Afs)

Backgrounds 0.037
Asymmetric Modeling 0.012
Jet Energy Scale 0.003
Symmetric Modeling 0.004
Total Systematic 0.039
Statistical 0.072

Total Uncertainty  0.082

Ziging Hong (Texas A&M University)
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Comparison of Aty among SM prediction and
measurements at CDF and DO.

Source Ag Description Reference
Calculation  0.03840.003 NLO SM PRD 86,034026 (2012)
0.09410:932 Lepton-jets PRD 88 072003 (2013)
CDF 0.072 +0.060 Dilepton Accepted by PRL
0.09010.9%8 Combination arXiv:1404.3698
Do 0.042739%% | epton-tjets, |qum| < 1.5 arXiv:1403.1294
0.044 4 0.039 Dilepton PRD 88, 112002 (2013)

0.047 +0.027 Combination arXiv:1403.1294

Ziging Hong (Texas A&M University)



ALz CDF combination

CDF Run II Preliminary
Source of uncertainty L+J (9.4fb~ ') DIL (9.1fb~') Correlation

Backgrounds 0.015 0.029 0
Recoil modeling +0.013
(Asymmetric modeling) —0.000 0.006 1
Symmetric modeling - 0.001
Color reconnection 0.0067 -
Parton showering 0.0027 -
PDF 0.0025 -
JES 0.0022 0.004 1
IFSR 0.0018 -
Total systematic ig:g?? 0.030
Statistics 0.024 0.052 0
Total uncertainty o 0.060

Ziging Hong (Texas A&M University)



tt Reconstruction Equ

M = (Er + E, + Eb) - (P/+ + Py + Pp)* = Mg
M? - = (Er + B+ B — (B + B» + B5)° = M?
(B, + Bo)x = (B 1)«
(P + Br)y = (E71)y

Ziging Hong (Texas A&M University)



tt Likelihood

L(Bv, B, Es, E5) =P(p')P(pF)P(M™)x

measure fit measure fit
1 1 [ Eei™" — Ejenr 1 1 o2 — Ejero
exp| —= | &+ X exp | —= | =——
Ojet1 2 Ojet1 Ojet2 2 Ojet2

1 1 measure  fit 1 1 measure _ fit
7 exp | —5 £ 7 £, X 7 ep | —5 75y 7 &
ol T ol T o, T a7

Ziging Hong (Texas A&M University)



o The ratio of AtL /AL observed to be consistent
when tt produced unpolarized and decay like SM

o Based on CDF AL result (0.16 + 0.05), this
yields prediction of 0.070 < Af; < 0.076

Ziging Hong (Texas A&M University)
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