Asymmetries at Tevatron

Pavol Bartos
(Comenius University)

On behalf of CDF and DO collaborations

CKM 2014, Vienna



Outline

- tt forward-backward asymmetry

=> tt [epton based asymmetry 3 qgiT ~85% F

- ﬁﬁ_forwarcf-ﬁac&ward asymmetry (gg-=>tt ~15%)

According to SM:
B(t>Wb)~100%

Top Pair Branching Fractions
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tt forward-backward asymmetry

~ at NLO, the SM predicts asymmetry in tt production
- asymmetry comes from events with qq initial states, gg is symmetric
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positive asymmetry negative asymmetry
~ Definition: - N(Ay=0)— N(Ay <0)
T NQAY>0)+NAy<0) o Where Ay=ymye

- Methodology:
— using l+jet events (full statistics)

~ full kinematic reconstruction of tt final state
-~ CDF: x*-based fit

- DO: new kinematic fit algorithm (helps to increase statistics by factor of 2)
m_obtained from multivariate regression combining 3 algorithms

— correction for parton level — using TUnfold (DO), SVD (CDF)
- Inclusive asymmetry expressed also as function of: m_, [Ay|— CDF, DO
p(tt)- CDF
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tt forward-backward asymmetry

— CDF Results:

Are

[ A ;=0.164 =0.039 (stat.)+=0.026 (syst.) ]

PRD 87, 092002 (2013)
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tt forward-backward asymmetry |[JES

[ A,,=0.106+0.030 ]

— DO results

ArXiv:1405.0421, submitted to PRD
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Slope difference w.r.t. MC@NLO predictions and CDF results:

M,: consistent withMC@NLO, 1.8¢ (CDF)  |Ay|: 1.70 (MC@NLO), 1.30

(CDF)
Compatible with SM predictions and with CDF result !
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- employ Legendre polynomials to characterize the shape of differential

Differential tt cross sections

Cross section:
do -

d(cosf,) a

Z agPy(cost,),
£=0

0, is angle between top-quark momentum

and the incoming proton momentum
in tt center-of-mass frame

— full shape has potential to discriminate among various calculations of SM and

non-SM physics models
- moment a_ contains only total cross section, we scale all moments, (a), so that a =1

Contributed App from each term

—— NLO SM (PRD 86 034026 (2012))
- LO SM (Pythia)
- LO s-channel {(Octet A)

PRL 111 182002 (2013)

""""" LO t-channel (Z' 200 Gev/c?) ¢ ag (obs) ay (pred)
CDF Run 11 fI,:: [r:j';:—l v+ jet ] L T 0155
J AL = 4.4 L — Li+-jets <
o5l T 2 , , 2 0.44 +0.25 0.28%003
S o2 + Data ] 3 0.11 + 0.21 0.030:10.014
020l 5 % NLO SM (PRD 86, 031026) B ;HBT;
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ST & g 5 0.11 +0.33 0.0059902
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0.05¢ _;f'. App from linear term ] 0.0003
000 e - I ------- - (20 difference w.r.t. predictions
P
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Differential tt cross sections (I)

=» [+jet channel with 1 b-tag - cross section as a function of m_, p_(t), |y(t)]

— Different axigluon models with different couplings (used in asymmetry studies)
differential cross section predictions provided by A. Falkowski (et al)

arXiv 1401.2443

- In these models, forward-backward asymmetry will be increased, but also
the differential cross section distributions will be changed

- high-mass axigluons highly constrained by LHC measurements, while
low masses not so much (but the effects are small)

do /dm(tt) [pb/GeV]

Some models are in tension with the presented data !

[ @ DO Z=97m"
10F -e-Dpata -+ Alpgen

C == MC@NLO

i —— approx.NNLO

J. High Energy Phys. 09, 097 (2010)
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Differential tt cross sections (I1)

Table of x*/NDF values for data versus approx. pQCD at NNLO and

the various axi-gluon models and one Z' model.

XZZZ (m—M)iCOVi_,lj- (m_u)j
i,

m — measured value per bin
U — expected value of particular model per bin
COV — covariance matrix

Otot(pp — tt) [pb]

M(#7) [x?/ndf]

y*P| [ /ndf]  pr® X /ndf]

Data
pQCD NNLO

non-SM model

8.271007

Aciot (pp — t1) [pb]

| (stat. + syst.)
7. 24+g 33 (scales + pdf)

Il.a.

0.98

M(47) [x?/ndf)

Il. &l

3.71

Il.a.

4.05

y*P| [ /ndf]  py® X /ndf]

G'(l1), m =02 TeV +0.97 £ 0.06 (scales) 0.96 1.07 1.20
G'(r), m=0.2 TeV +0.97 + 0.06 (scalely) 0.96 1.07 1.20
G'(a), m=0.2 TeV +0.06 £ 0.04 (scales) 0.85 3.55 3.88
G'(a), m =04 TeV +0.26 4+ 0.04 (scales) 0.44 2.65 3.26
G'(a), m = 0.8 TeV +0.22 + 0.04 (scales) 0.97 2.86 3.23
G'(1), m =2.0 TeV +0.87 + 0.15 (scales) 0.58 1.27 3.78
G'(r), m=2.0 TeV +0.55 £ 0.06 (scales) 0.43 1.94 2.75
G'(a), m = 2.0 TeV +0.05 + 0.06 (scales) 0.88 3.56 4.11
VA m = 0.22 TeV  —1.00 + 0.06 (scales) 4.95 8.27 7.48




Lepton based tt asymmetry

- Advantage: no need to reconstruct the tt final state.
sensitive to top quark polarization
- |lepton direction is measured with high precision + good charge determination
- asymmetry is smaller than tt forward-backward one

— Definition:
Dilepton events:  An=m,.—1),-
Al N(gyy =0) — N(gy, <0) 4An _ N(An > 0)— N(An < 0)

B Nlgy,>0) + Nigy; <0) © N(An>0)+N(An <0)

— CDF methodology: (same for |+jets and dilepton events)

- asymmetry is decomposed into symmetric and asymmetric parts:

~ Nigye) + N(—qy,) Algy,) = Nigye) — N(—qgy¢)

Slgye) = 7 N(gye) + N(—qye)
— symmetric part (obtained from MC) — largely insensitive to physics model
— asymmetric part is parametrized: A(qy,) = atanh (%)

- fit of asymmetric part allows to extrapolate to unmeasured region

P. Bartos CKM 2014, Vienna 9



Lepton based asymmetry

- D0 methodology: (I+jets events)

- using | + 3 jets in addition to | + =4 jets — increase statistics twice
- |+3 jets has lower S/B ratio, helps to reduce acceptance corrections

— improve modeling of A;B In W+jets using control region (3 jets+0 btag)
- asymmetry and sample composition is extracted by likelihood fit
— unfold for acceptance effects, study dependence on lepton p_andy,

arXiv 1403.1294

I+jets channel: :
submitted to PRD

2 200~ D@, 9.7fb" =4 jet, 1 b-tags
< -
,_,:"j 150 + — D0 methodology: (dilepton events)
100 — background subtraction,
- — correction for selection effects
50 — extrapolation to the full range of n
L% 1.5¢
3 1“*;"%1*? *‘i*fi““‘*é“’;" i%\%\
a 1.5 -1 05 0 0.5 1.5
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@ Single-lepton asymmetry results [

[+jets channel

CDF: PRD 88, 072003 (2013)
%\’FB: 0.094 +0.024 (stat.) 222 (syst.) ]

NLO QCD -4 ¢+ Jets data —— Fit A{qye)
Uncertaintices: 1 +lo(stat. + sys.) I +lo(stat.)

I 2 1 1 1 1 1 1
0.0 0.2 0.4 1.6 0.8 1.0 1.2
it

SM predicts:
A',=0.038+0.003

arXiv 1403.1294

I
| DO: |yl|<1.5: accepted by PRD
| [AIFB: 0.04240.023 (stat.)") on (SYSt.) J
I
20D, 9.71b™
I L Production level
I 15:— |
| X mf—
m F_ |

— Ll 5‘_ I
| - T MC@NLO 3.4
| 04— l
I '53_‘..|...|...|...|...|...|...|.
| O 02 04 06 08 1 12 1.4
| ly |
| MC@NLO |y |<1.5:
| AL;=0.020
|
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Single lepton asymmetry

Dilepton channel

SM predicts:
A',=0.038+0.003
|

CDF: PRL 113, 042001 (2014) | DO: PRD 88, 112002 (2013)

[A;B: 0.072+0.052 (stat.) =0.030 (syst.) ] | [A}B: 0.044+0.037 (stat.)*=0.011 (syst.) J

Combination ((+jet, dilepton)
— using BLUE method

SM predicts:
(S — [ AIFBZO.OBBiO.OOB]
CDF: [ A= 0-090—0.026] | arXiv 1403.1294,
PRL 113, 042001 (2014) | Do: accepted by PRD
20 larger than the SM prediction | [A;B:O.O421LO.O2O(stat)iO.014 (Syst)]

P. Bartos CKM 2014, Vienna 12



CDF:

Dilepton asymmetry
Dilepton channel

PRD 88, 112002 (2013)

ELXM‘—O 076+0.072(stat.) =0.039 (syst. )] [ 21=0.123+0.054 (stat.) =0.015 (syst. )]

PRL 113, 042001 (2014)

SM predicts:
A1=0.048-+0.004

P. Bartos
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- DO, L=9.7 fb!
—® Data

-m MC@NLO

- 4+ Model 1

" 4 Model 2
‘% SM NLO

DO:
PRD 88, 112002 (2013)

AL /AM=0.36+0.20
SM (NLO): 0.79+0.10
20 difference
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Bottom forward-backward asymmetry
at high mass

CKM 2014, Vienna

14



bb asymmetry at high mass (I)

~ bb production is almost exclusively a QCD process

~ one has to select a kinematic region where qq initial state is significantly
enhanced over the symmetric gluon fusion background.

Event selection
~ 22 Jets with E_> 20 GeV and |y|<2.

v 2 jets has to b-tagged Tﬁeoretica[prec{iction
(secondary vertex tagger) B. Grinstein and C. W. Murphy
o m_ > 150 GeV ‘ _
et my, [GeVe™?]  Apg(bb) [%]
Displaced trackg 1150,225] 2.2+0.7+0.2 %
—H] 6
Recqy IifeEr;;/e /%ﬁecondary vertex [2251 325] L2l g C/
—— 3251000 7.8£2.371] %
' J
%o\ o i PRL 111, 062003 (2013)

Prompt tracks

nna 15



Bﬁ_asymmetry at high mass (11)

Asymmetry definition

A = N(AYb>O)_N(AYb<O)
B N(Ay,>0)+N (A y,<0)

ANYy=Yy— Y5

- >+ (Pt - ﬁjet)n'a

Jet charge Qi = S~ i Fret)

~ is b-jet initiated by b or b quark ?

CDF Run Il Preliminary

—

S 22500
o
£ 20000
€ 17500
15000
12500
10000
7500
5000
2500

MC b jets
MC b jets

i

D C j - ! 11 1 l 11 1 I 11 1 I L1 1 I 11 1 I 1 |:_I_‘_I A
4 08 06 04 02 0 02 04 06 08 1

T[T [T [T T [T I [T T [T [T [ ToT o ooT

Jet Charge KM 2014,V

Corrections

— one can obtain bb fraction from the
rate at which light jets are b-tagged

— per event charge confusion derived
from difference between the
2 quantized jet charges

- background asymmetry estimated
using data sideband

-~ m__ response matrix:

CDF Run II Preliminary [ £ =9.5 fb!

32,00} 0.0 0.14 o

0.3

= 0.7

& [225,325)} 0.12 0.80 "

= 105
T

< [150,225) 0.06 0.00 10.4

= {03
=

10.2

[().15()] 0.07 0.00 0.00 loa

: ' . oo

[150,225) 225,325 [325,00]

Detector-jet M,y [GeV/c?]



bb try at high 111
Rosul asymmetry at high mass (111)

— We use a Bayesian technique to extract the hadron-jet level result.

- Aformula is used to relate the background asymmetry, charge confusion
rate, bb fraction, mass smearing, and signal asymmetry

. CDF Run II Preliminary [£=9.5fb"" CDF note 11092

25
20} [HEEsssssss ST dsssssnss Fz=sss==s L
15 - Consistent with zero,
o _ the SM, and the
o | | i 345 GeV axigluon model.
X 9r ' ]
R s — I - 200 GeV axigluon model is
[ S — inconsistent with the
! | - ‘ measurement
~10f ] e — B (pryuios:03) at more than 95%
_151 == Axigluon 200 GeV/c* |
© Axigluon 345 GeV/c?
5 295 325

bb mass [GeV /c?]
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Conclusions

— the measurements are mostly in agreement with SM prediction

— CDF see higher production asymmetry in both tt inclusive and
lepton-based measurements

— DO data compatible with SM prediction and also with CDF results

— First measurement of bottom forward-backward asymmetry at high
mass presents consistency with both zero and with the SM predictions

Plans

— Tevatron combination of production asymmetry results is on the table

— Bottom forward-backward asymmetry measurement at low mass

P. Bartos CKM 2014, Vienna 18
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Back up slides
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tt forward-backward asymmetry |[JES

— CDF Results:

PRD 87, 092002 (2013)

TABLE V. Systematic uncertainties on the parton-level A

measurement.

Source Uncertainty
Background shape 0.018
Background normalization 0.013
Parton shower 0.010
Jet energy scale 0.007
Initial- and final-state radiation 0.005
Correction procedure 0.004
Color reconnection 0.001
Parton-distribution functions 0.001
Total systematic uncertainty 0.026
Statistical uncertainty 0.039
Total uncertainty 0.047

P. Bartos

— DO results

ArXiv:1405.0421,
submitted to PRD

Systematic uncertainties
In absolute %

Reco. level Production level

Source inclusive inclusive 2D
Background model +0.7/—-0.8 1.0 1.1-2.8
Signal model < 0.1 0.5 0.8-5.2
Unfolding N/A 0.5 09-19
PDFs and pileup 0.3 0.4 0.5-29
Detector model +0.1/-0.3 03 0.4-33
Sample composition < 0.1 <01 <01
Total +0.8/-0.9 1.3 2.1-7.5

CKM 2014, Vienna
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Differential tt cross sections
An s-channel model “Octet A” hypothesizes the existence of a heavy

(m_= 2 TeV) partner of the gluon with axial-vector couplings to quarks.
This produces an enhanced linear-term coefficient al in do=d(cos6).

A t-channel model “Z' 200™ contains a new, heavy (m_, 200 GeV) vector

boson with a flavor changing u-Z'-t coupling. The resulting additional term in
the cross section has a leading dependence §/¢=1/(1—cos0,.) where ¢ is

the Mandelstam variable. This behavior produces large Legendre moments at
all degrees.

CDF Run 11 [ £ = 0.4 fh! 55 CDF Run Il Preliminary [£=9.4/fb t—/v+ jets
pooL| == NLO SM [PRD 86, (034026 (2012)]
ceem ;= 0.39£0.11 20l
HH  Legendre series integral (data) “g'
c:; 0.15} = L5p
= =
= E‘ 1ol
= 0.10F _ - c
0
O
- FREIEE-— 1 T
- >
0.05F A
0.0
normalized differential cross section
0.00 : - : —05 1 2 3 4 5 6 7 8
1.0 0.5 0.0 0.5 1.0

Legendre degree ¢

ros

]
[




S 0.1y
0 (@) DO £ =97fb!
S —8— Data
B 008' approx.NNLO
.E'. i (mtop =173 GeV)
E&I 0.06 L:-:-T.; Phys. Rev. D 82, 114030 (2010)
o _
5 0 04_?_' .‘i—'
0.02f L
0:' T, P
0 100 200 300 400
PP [GeV]

Differential tt cross sections

Table slide 8:

ance matrix and are calculated according to y?

Ratio to data

(b) DO £ —=97fb1

=+ Axi200L
=+ Axi2000L

Axi200R

Axi200A

— Axi400A
— Axi800A

— AXi2000A
=== Axi2000R — 7’220

0 100 200 300 400

pr’ [GeV]

The y? values take into account the full covari-
=iy —p)i-covi - (y — p)j,

where y is the measured value per bin, u is the expected mlue Df a particular
model per bin and cov is the covariance matrix of the differential cross section
measurement.



Lepton based asymmetry

PRD 88, 072003 (2013) PRL 113, 042001 (2014)
I+jets, single-lepton asymmetry single-lepton asymmetry
Source of uncertainty Value |+jets + dilepton combination
Backgrounds 0.015 CDF Run IT Preliminary
Recoil modeling +0.013 Source of uncertainty L+J (9.4fb™") DIL (9.1fb™") Correlation
| ~0.000 Backgrounds 0015 0.029 0
Color reconnection 0.0067 Recoil modeling +0.013 0.006 1
Parton shnweﬁng 0.0027 {:ﬂ‘;ﬁ}fmmc-tric modeling) 0.000 '
Parton distribution functions 00025 | Symmetric modeling 5 i
Jeteneroy scales 00022 Color reconnection 0.0067
el | By scale o e Parton showering 0.0027
[nitial- and final-state radiation 0.0018 PDF 0.0025 2
000 JES 0.0022 0.004 1
Total systematic - ﬂt {IE [FSR 0.0018 -
Data sample size 0.024 Total systematic oot 0.030
100D Statistics 0.024 0.052 0
Total uncertainty —ﬂ:{ﬂ; Total uncertainty +gg%ﬁ 0.060

P. Bartos CKM 2014, Vienna 24
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Leptan based asymmetry

w

14F Forward-Backward Le ton Asymmetry, %
12 D@, 9.7 b P D9V97fb1 y, %
12 _ Production I:_:evel, |yl|<1.5 3 jets, 1 b tag Production Level
6 é— i H
aE ) 3 jets, >2 b tags
2f MC@NLO 3.4 I+jet channel e+
0OF ¢ arXiv 1403.1294 >4 jets, 1 b tag
2F I+jet channel .
4E arXiv 1403.1294 >4 jets, >2 b tags N
-6:_||_|-||||||||||||||||||||||||||||||I.. MC@NL034 Combined:(42+ )0/
20 30 40 50 60 70 80 90 - o e o xl"’“\{-D-IF{B |1f3| -
Lepton P, [GeV] -20 10 0 10 20
dilepton channel (PRD 88, 112002 (2013))
DY, L=9.7 fb
- e Data
30— MC@NLO
- — Model 1
- — Model 2
20__ ]
g B —
<< 10f +
or '
« 10, . L »
. Bartos 0 0.5 1 1.5 >
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Background A,

bb asymmetry at high mass

- background asymmetry estimated using data sideband

04 CDF Run Il Preliminary (9.5 fb'1) Tag Type! LL
0.08F — 150 A M, 1225 GeV/c?
0.06F == 225 A M, A325 GeV/c®
0.04f -+ M, T 325 GeVic?
0.02F

0F

S — . |

0.02F P A . .
Q0 T s T [ -------
0.06- [
0.08F f
_01 :l 1 | L1 1 I 11 1 I L 1 | L1 1 | L1 1 I L] I L1l I Ll 1l I 11 I I

" 02 03 04 05 06 07 08 09 1 1.1

Quantized Jet Charge Difference

P. Bartos CKM

Posterior probability density

—60

Result:

CDF Run II Preliminary [£=9.5fb"

CDF note|11092

L
150 < M,; < 225GeV/c? : !
App = —6.5733 %

NLO SM
(PRL 111 062003)

£=% Axigluon 200 GeV/c?
Axigluon 345 GeV/¢?

225 < My; < 325GeV/c?
App = *7-4t§§ 0

325GeV/c? < M,;

~10 —20 0

10

20

Particle-jet level Apg(%)

60
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