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Status after LHC@7-8 TeV

Null results from direct
beyond-SM searches
up to ~1 TeV

ATLAS Searches* - 95% CL Lower Limits (Lepton-Photon 2011)

The Higgs discovery completed the
Standard Model at the ElectroWeak scale

):0-lep + b-jets +E; .
B 1-Iep +b-jets +E; ..o

rrge ED (ADD) : monojet
UED :yy + Er‘mm
RS with k/M,, = 0.1 :m,,
s with k/M,, = 0.1 :m,,,,
JO.=020 H + Ep
( hole (QBH) : mdw,F(x)
QBH : H|gh-massc
1,=3) : multijet ):p
=3) : SS dimuon Nc,‘_p_,
ict interaction : F,(m,,)
sontact interaction : mml
SSM :m,,,,
SSM:m,,,

Scalar LQ pairs (f=1) : kin. vars. in eejj, evjj
Scalar LQ pairs (£=1) : kin. vars. in uujj, uvjj

LQz

4" generahon coll. mass in Q ‘Q — WqWq

4" generation : d d — WtWt (2-lep SS)

TTe gon. ™ ti+ AoA -Iep +jets +E,

Major. neutr. (LRSM, no mixing) : 2-lep + jets

Major. neutr. (LRSM, no mixing) : 2-lep + jets
H," (DY prod., BR(H —uu)=1):m

4 (like-sign)

Exclted quarr(s H

Axigluons :m

Color octet scalar : m,,,

Other

T T T TTTT T

L=36 pb™" (2010) [arXiv:1103.3864 {Bayesian limit)]
L=42 pb” (2010) [arXiv:1104.4398]

L=1.081.21 5" (2011) [arXiv:1108.1582)

L=1.04 £ (2011} [arXiv:1108.1316]

IIIIII[l T IIIIIIII T

/cmssm 0-lep +E; e § =3 mass

(Ilghl,( ):0-lep+E; . G =g mass ATLAS
4 miss ~

(light ) : 0-lep + E _gmass Preliminary

(light7,) : 0-lep + E 1 1 gmass

g mass (for m(b) < 600 GeV)

g mass (for m({,) < 80 GeV) _[Ldr =(0.031 - 1.60) fb™

hty 7, ) 2-lep SS+E g mass
7°) | 2-lep os, + Elm g mass \s=7TeV
Impl model :7y + E . g mass
GMSB : stable T T mass
ve particles : R-hadrons = g mass
ve particles : R-hadrons b mass
ve particles : R-hadrons t mass
31,=0.01) : high-mass ey Vv, mass

M, (5=2)
Compact. scale 1/R
Graviton mass
Graviton mass
KK gluon mass
My, (5=6)
Mg
M, (5=6)
My (5=6)
errev. A
48TV, A
183Tev. 7' mass
215Tev. W' mass
1" gen. LQ mass
2™ gen. LQ mass
Q, mass
d, mass
T mass
N mass (m(WR) =1TeV)
W, mass (230 <m(N) < 700 GeV)
H:* mass
q* mass
Axigluon mass

Scalar resonance mass
L1111l 1 [ 1

10

*Only a selection of the available results leading to mass limits shown
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The Top Quark — gateway towards New Physics

(
* Heaviest particle, m, ~173 GeV Important role n EW
: P symmetry breaking
* Yukawa coupling ~1
_ and BSM models. D

Measurements of top quark properties, such as the charge asymmetry in
the production of top quark pairs, might provide hints of new physics
beyond the Standard Model.

- The Top Charge Asymmetry at the LHC - 3
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The Top Quark — Pair production at the LHC

Large rate: ~5M of top pair events in Run-|

Main production modes: ) O’(pp —> tf) ~ ZOOpb
- gluon fusion 2g — 1t
- quark-antiquark annihilation ¢gg —1f
/g > t g TTTTTTO) t g t\
A + Y T
\g - t g f/

7

~85% of oy «—— ~15% of o,
Relevant events to

measure asymmetry
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What is the Top Charge Asymmetry:
Measure anisotropy in (anti-)top production wrt
. . . : : NO ASYMMETRY
incoming (anti-)quark direction.
t
. q q
top directions
q — < g anti-top directions ASYMMETRY

C.M. reference frame

N.B. requires asymmetric initial state (e.g. quark-antiquark annihilation)

- The Top Charge Asymmetry at the LHC - 5
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* Motivation — the A, puzzle
* The asymmetry at the LHC - A,

e Early measurements at the LHC:
ATLAS lepton+jets 1.04 fb! at Vs=7 TeV

* Boosting the charge asymmetry

* Charge asymmetry at ATLAS:
lepton+jets 4.7 fbt at Vs=7 TeV

* A at Vs=14 TeV with a photon handle

Outline

Eur.Phys.J. C72 (2012) 2039

Phys.Lett. B707 (2012) 92-98

JHEP 02 (2014) 107

arxiv:1402.3598
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* Motivation —the A puzzle
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In 2011 both CDF and DO collaborations
reported a non-zero forward-backward

asymmetry in top quark pair production
defined as:

~ N(Ay >0)-N(Ay <0)
B N(Ay > 0)+ N(Ay <0)

| rapidity
Wlth Ay = ytop_ ya‘rﬁop

* Triggered theoretical activity for
precise SM predictions and BSM
hypotheses (axigluons,Z’,..).

Az @ Tevatron

A, of the Top Quark

- The Top Charge Asymmetry at the LHC -

] V. Ahrens et. al., July 2011
arXiv:1106.6051v1 (2011)
(** submitted to a journal)
[ ] W. Hollik and D. Pagani, L.
arXiv:1107.2606 (2011) (* preliminary)
CDF LJ —— 0.158 + 0.074 (:0.072:0.017)
(53117)
CDF DIL* @
0.420 + 0.158 (+0.150 = 0.050)
(5.117)
CDF combined* —@— 0.201x 0.067 (=0.065 +0.018)
(= stat = syst)
DO LJ** —@—  0.196:0.060 *J02°
(5417)
-0.4 -0.2 -0 0.2 0.4 0.6 0.8
Afb



* SM top quark pair production
is charge asymmetric at NLO.

* Main source of asymmetry is
the QCD quark-antiquark
annihilation process.

The SM QCD asymmetry in ¢gg — 1t originates from:

The SM charge asymmetry

1.

s LI L) e——

N

~

®

A

2. 2

\_ /

[ asymmetric QCD J

1. Interference between tree and box diagram
2. Interference between gluon ISR and FSR diagrams  4_ <o

- The Top Charge Asymmetry at the LHC -
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t-channel:
exotic flavor changing vector bosons

BSM asymmetry

{ Axigluon }

s-channel:
interference between SM QCD and

exotic gluons with axial coupling

- The Top Charge Asymmetry at the LHC -
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- A, @ Tevatron

* pp initial state - forward-backward asymmetry

e gqq —1tt dominant process (~¥85%)—> small dilution

* updated results with full datasets (~10 fb™!) still report A;; consistently
larger than SM prediction.

TTTTTTTT] AFBZ_7O'fr0m SM TTTTTTTTTT

CDF 1+j53 " ov11[/—e—

4 CDF dil5.1 " oan1 Z } ' ] |

CDF 1+j/dil  osnil| —e—f

q | q , 1 :':
' 4 o7n1y] H—e—
> : - DOdy54T / #e- updated 9.7 fb*
P | D CDF 1+j9.4 10" 1112/] e
i naive world avg -

04 03 02 01 0 01 02 03 04 05 06
Lab reference frame A (inclusive)

J.A. Aguilar-Saavedra et al. - arxiv:1302.6618
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* The asymmetry at the LHC - A,

- The Top Charge Asymmetry at the LHC -
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ratios of parton luminosities
at 7 TeV LHC and Tevatron

MSTW2008NLO

10° 10°
M, (GeV)

Overview of the LHC

* p-p collisions: charge symmetric
initial state
* dominated by gluon-gluon fusion:
~85% at Vs=7,8 TeV
>90% at Vs=14 TeV
e average momentum imbalance
in gg events (anti-quarks from sea)

- The Top Charge Asymmetry at the LHC - 13
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* More diluted: gg — 1t only ~15% at 8 TeV
e (anti)top is preferentially produced along the direction of the incoming
(anti)quark.

5

!

/
/
4
4
/
4
4
4
/

q | q q N q

v
A

CM reference frame Lab reference frame

* Direction of the incoming quark not known in pp collisions

- BUT -

» Quarks more likely to be valence quarks (= larger fraction of momentum)
e only sea anti-quarks available

* top quarks more forward than antitops

- The Top Charge Asymmetry at the LHC - 14



o TS .
= Asymmetries
Tevatron - pp collisions LHC - pp collisions
~ N(Ay >0)-N(Ay <0) A - N(Alyl>0)-N(Alyl<0)
5 N(Ay > 0) + N(Ay <0) © N(Alyl>0)+N(Alyl<0)
with Ay =Yoo= Yantitop With AY] = |Viop| - Yantitop
. t
:
TeVatron
-1 ; ! - -3 -2 -1 ; 1 2 3

figures from G.Rodrigo, arxiv:1207.0331
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* Early measurements at the LHC:
Eur.Phys.J. C72 (2012) 2039

ATLAS lepton+jets 1.04 fb! at Vs=7 TeV

- The Top Charge Asymmetry at the LHC -



Charge asymmetry — |+jets

~

£ 04" amas uesdjets(=1biag)
‘\E 035/ f L dt=1.04 fb’ S heano
0.3 ATLAS - |+jets Eur.Phys.). C72(2012) 2039
0.25 Vs =7 TeV, 1.04 fb?
0.2 4 A.=-0.019 + 0.028(stat.) + 0.024(syst.)
0.15F ' -
o1t s | Theory: A.=0.0123 (5)
% 1 W. Bernreuther et al., Phys. Rev. D 86 (2012) 034026
0.05— -]
"""""
Alyl

/

* First measurements at LHC7 compatible with 0 asymmetry (and SM)
* Large statistical and systematic uncertainties
* The expected SM asymmetry is very small (~1%).

- The Top Charge Asymmetry at the LHC -

17



Experimental challenge

* Small fraction of quark-antiquark annihilation

- small A.~1%
* Direction of the incoming quark not known in pp collisions

—

* Measured A, distorted by resolution and acceptance.
Need to extrapolate to parton-level asymmetry to compare with theory.

* Large systematic effects from parton-level extrapolation and from
background modelling.

- The Top Charge Asymmetry at the LHC - 18
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* Boosting the charge asymmetry Phys.Lett. B707 (2012) 92-98

- The Top Charge Asymmetry at the LHC - 19
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* Expected A is very small. Hard to
measure.

* Fraction of gg — 1t events
increases with the velocity of the top
quark pair along the beam axis

P + Pl b

“valence” quark )
largex, - 1

: —_ o 124 .
q “. g ‘“sed” anti-quark

small Xq

Lab reference frame

0.9

0.2

Boosted A

Boosting the tt charge asymmetry
J.A. Aguilar-Saavedra®*, A. Juste ™€, F. Rubbo*®

Phys.Lett. B707 (2012) 92-98

T ] T 1 T T I T T T 1 I T T 1 T I T 1 T 1

02 04 06 08 1

min
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* Charge asymmetry at ATLAS:

- The Top Charge Asymmetry at the LHC -
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Overview of ATLAS

Efficiently collected ~20 fb! of p-p collision data

energy of jets, electrons

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

precision measurement of

Muon detection momenta of charged particles

in toroidal
magnetic field

Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker

- The Top Charge Asymmetry at the LHC - 22
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* Charge asymmetry at ATLAS:
lepton+jets 4.7 fb! at Vs=7 TeV

- The Top Charge Asymmetry at the LHC -

JHEP 02 (2014) 107
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Measurements

Performed a complete set of measurements of the charge asymmetry:

* Inclusive measurement of A;, A.(B, ;>0.6) and A.(m,;>600 GeV)

* Differential measurements: the dependence of A vs kinematics of the top
quark pair might provide useful information for BSM discrimination/

understanding of the SM.
same as B, ,

Ac vs |y, |: sensitive to enhancement of asymmetry at high rapidity, due
to increase of the fraction of gg — ¢ events.

Ac vs my: expected different behavior for different BSM scenarios.
Also with B, ,>0.6 to enhance gg —>1t fraction.

Ac Vs pry: more sensitive to asymmetry from ISR/FSR interference.

- The Top Charge Asymmetry at the LHC - 24
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Analysis flow

Selection of semileptonic

top pair events Background estlmatlon

10000}~

Kinematic

Unfolding to parton level

reconstruction Ut :
. * resolution .
of the top pair: « acceptance : r
*Aly|
° mtt / K sy s

[ ] pT’tt

* |ytt|1 Bz,tt

- The Top Charge Asymmetry at the LHC - 25
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Event selection

semileptonic (lepton=p,e) top pair decays: 3

* [arge BR (~30%)
* manageable background (W+jets,multijets)

* use lepton charge to tag top/antitop quark _t_ —t \
i

w*_\

Selection:

* exactly 1 isolated lepton with p; >20 (e), 25 (1) GeV

* at least 4 jets with p;>25 GeV and |n|<2.5

e at least 1 b-tagged jet (efficiencies: 70% b-jets, 20% c-jets, <1% light jets)
* additional cuts on leptonic W to reduce multijet background with fake
leptons

- The Top Charge Asymmetry at the LHC - 26
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Event yields
signaIAregion signalkregion
| 1 |

Channel i + jets pretag i+ jets tag e + jets pretag e + jets tag
tt 34900 =+ 2200 | 30100 = 1900 | 21400 £ 1300 | 18500 =+ 1100
W +jets 28200 £ 3100 4800 = 900 | 13200 + 1600 2300 = 900
Multi—jets 5500 £ 1100 1800 = 400 3800 =+ 1900 800 = 400
Single top 2460 £+ 120 1970 = 100 1530 =+ 80 1220 + 60
Z +jets 3000 £ 1900 480 += 230 3000 + 1400 460 += 220
Diboson 380 = 180 80 =+ 40 230 = 110 47T % 22
Total background 40000 £ 4000 9200 + 1000 | 21700 £+ 2900 4800 £ 1000
Signal + background | 74000 £ 4000 | 39300 £ 2100 | 43100 £ 3100 | 23300 =+ 1600
Observed 70845 37568 40972 21929

* Less events in e+jets due to tighter requirements on leptonic W to reduce
the larger multijets background
* Normalization uncertainties are shown.

* Overall good agreement of data with predictions

- The Top Charge Asymmetry at the LHC -
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Kinematic reconstruction

Top-antitop pair system fully reconstructed I*
with kinematic likelihood fit. b \T// v
Likelihood input: \ w(\g

* 4-momenta of four jets ~

e 4-momentum of the lepton W&S\SV : : L

* missing transverse momentum g 7 N
Constraints: q'

m=172.5 GeV, [=1.5 GeV
m,,=80.4 GeV, I,=2.1 GeV

_ i r Breit-Wigner’s for top
L = B(E E mw, I’ -ZSE,Em Jw) -
(Ep1, Epalmw, Lw) - B(Es, Evlmw, Lw) ™ quarks and W bosons
B(Ep ls P, '), P. 3""1, r ) B(El, Vs p4|nlt, r )
W(E_'r'””lpm) W(E'y"”slpy,v) W(Elep|E|ep) —> energy transfer functions

4
H (W(Ekl.i|Eb.i) P(b tag | quark), —» favor b-tagged jets in b-positions
=1

- The Top Charge Asymmetry at the LHC - 28
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* Distortions from acceptance and
resolution.
e Efficiency for correct sign of
reconstructed A|y|: p~75%

- dilution D=2:p-1~0.5 of the
parton level asymmetry

Reconstructed quantities

> 16000 i T [ [ [ —]
G - ATLAS £+>4jets(>=1b-tag) 7
§14°°° — Vs=7TeV ¢ Data 7
) C _ -1 CJu 7
$ 12000 — J Ldt=4.7b W+jets —
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10000— Diboson ]
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80001 B Multi-jets
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6000[— —
4000 —
2000— r —
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800 400 600 800 1000 1200

m, [GeV]

g g R AR T T T
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S E =
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Unfolding

Ac in simulation (MC@NLO):
reconstructed A|y|: (0.3 +0.1)%
parton-level A|y|: (0.519 + 0.030)%

Estimates parton level A. spectra
to compare directly with theory.

map of event migrations
from truth bins to reco bins >y

. reco

reconstructed A|y|

distribution R M T

parton-level A|y|
distribution

Aly | bin

* Fully Bayesian Unfolding
- no explicit matrix inversion
- prior choice determines bias
- “automatic” handling of systematics
and correlations

0 | | 4
Aly| bin :truth

- The Top Charge Asymmetry at the LHC - 30
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Fully Bayesian Unfolding
arXiv:1201.4612
https://pypi.python.org/pypi/fbu
T: Aly| distribution to D: A|y| distribution measured
estimate before resolution in data distorted by resolution
and acceptance effects. and acceptance.
6@ x L(D[T) - «(T)
L(D|T): likelihood of observing D given T. n(T): prior probab.ility for T.
Compares the effect of acceptance and Encompa.\ss the prior Ifnoyvlque or
resolution on a given T with what is assumptions on the distribution T.
measured in data (D).

The unfolding procedure estimates directly the probability density for A at
the parton level.

- The Top Charge Asymmetry at the LHC - 31
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Results — Inclusive A,

* To date, most precise measurement for A, @ Vs=7 TeV.
* Measurement is limited by statistics.
* Ac. compatible with 0 and SM predictions.

Theory predictions from
W. Bernreuther and Z.-G. Si, Phys. Rev. D 86 (2012) 034026

Ac Data Theory
Unfolded 0.006+0.010 | 0.0123+0.0005
Unfolded with m;; > 600 GeV | 0.018+0.022 | 0.0175 5 0004
Unfolded with 3, ;7 > 0.6 0.011+0.018 | 0.02010-00%

Uncertainties are (stat.+syst.)
e Statistical error is the dominant component.

- The Top Charge Asymmetry at the LHC -
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Results — A~ vs m
C tt

<o :I T T | T T 17T | LI LI T T 17T | LI | LI LI T T I:
0.6 E_ Bz,tf>0.6 ATLAS _E
0.5 ¢ Data V\s=7 TeV =
= SM f Ldt=4.7fb" .
0.4 Axigluon m=300 GeV =
- Axigluon m=7000 GeV =
Bz tt>0 . 6 0.35 =
0.2:— ° _:
0.1 | =
- | :
0 ‘ =
o E
:I 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 I:

0 100 200 300 400 500 600 700 800 900
m, [GeV]

The measured A, spectra are compatible with both

* SM predictions

* Axigluon benchmarks with inclusive A./A;; compatible with current

Tevatron and LHC results

- The Top Charge Asymmetry at the LHC -
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Results — Interpretation

O.15IIII|IIII|I

NON-comprehensive
set of BSM scenarios!

.

Models from:

'~ 4 PRD 84 115013, -
W arXiv:1107.0841 -

o
—
=)

Axigluon models with opposite
sign couplings with uand d
qguarks (not shown here) can be
compatible with both A. and A
(A /A, cancellation at the LHC).

™6

A (m; > 600 GeV)
o
o &

-0.05

0 01 02 03 04 05 06 0.7
A, (Mg > 450 GeV)
 Tevatron results show some tension with SM predictions
* LHC measurements are compatible with the SM predictions.
* The W’ scenario is disfavored by the combination of A. and A, measurements.

- The Top Charge Asymmetry at the LHC - 34



JATLASIEB
Fexeerivent B T AR

0

ATLAS - Vs =38 TeV

The ATLAS measurement at Vs = 8 TeV will complete the A, picture at the LHC.

/ Ac Vs =7 TeV Vs =8 TeV \
Theory 0.0123 + 0.0005 0.0111 + 0.0004
CMS 0.04 £ 0.015 (stat. + syst) 0.005 + 0.009 (stat. + syst.)
0.006 = 0.010 (stat. + syst.) ?

QI'LAS /

6x top quark pair events
0,~0.5% for inclusive A,

Expected significant reduction of statistical uncertainty wrt 7 TeV.
Understanding and constraint of systematics plays a significant role.

- The Top Charge Asymmetry at the LHC - 35
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Outline

* A at Vs=14 TeV with a photon handle

- The Top Charge Asymmetry at the LHC -

arxiv:1402.3598
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A. with a photon handle

Shedding light on the tf asymmetry: the photon handle

* At Vs=14TeV qq — tt events <10% J. A. Aguilar-Saavedra®, E. Alvarezt, A. Juste®?, F. Rubbo?
—>sensitivity for A. washed out by .
) arxiv:1402.3598
gluon fUSIOn events. 1 1 I I I I I I I 1 I 1 I I I I I I I 1
- *~ tt Tevatron -
* Solution: measure A.in #ty events. aal ]
x2 higher gq fraction than in - i
~same ult/dd as Tevatron g E
for p;(y)>20 GeV S i
* Small cross-section (2.73 pb) not an < ) ]
. . 04 tty LHC 14 TeV —
issue given the large amount of data I ]
expected in Run-Il (100-400 fb1) - ]
0.2 ) —
_ , - 5« {LHC 14 Tev
* Breaks potential cancellation between - .
17} ] 1 1 1 l 1 1 1 I 1 1 1 l 1 1 1 [ 1 1 1 |
uu and dd process. 0 i o o A 1

c)-dd/o-uu
- The Top Charge Asymmetry at the LHC - 37
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Summary

* Precision top-quark phenomenology provides indirect probes of NP beyond EW scale.
Production asymmetries of top quark pairs: sensitive to broad class of SM extensions,
experimentally robust against systematic effects.

* First measurements at Tevatron indicated mild departure from SM predictions, raising
significant interest.

* A. @ LHC important to clarify experimental status: higher CM energy and luminosity

* ATLAS result most precise measurement at 7 TeV:
- careful understanding of background modeling and associated systematics, as
well as unfolding requirements.
- differential measurements bring important additional information.
- 8 TeV measurement underway will represent significant step forward in precision
due to larger statistics and further experimental refinements.

* Measurement at 14 TeV will be challenging due to further wash out of asymmetry
from increased gg fraction. Possible solutions:
- increase gq using kinematics (already exercised in 7 TeV measurements)
- exploit other production modes, e.g. tf)/
- The Top Charge Asymmetry at the LHC - 38
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Significance of boosted A,

e Significant improvement in sensitivity for systematics limited results

stat. only
z 15
2o b< S — e A-0.02
< —e—— A=0.04
. A=0.06
10|
5_0 hd o
1 1 1 | 1 ° I
8.0 0.5 1.0
Bmin

Int. luminosity: 10 fb* @ Vs=7 TeV

syst 1%
5
[ o, =00
: . A=0.02
—e—— A=0.04
4‘_ o A=0.06
3
of .
1._ e °® ¢ T ®
[ TR B |
8.0 0.5 1.0
Bmin

Red: A.=2%

- The Top Charge Asymmetry at the LHC -

1.5

0.5

Blue: Ac=4%

1.0}

0'8._

syst 2%
G, = 0.02

s A=0.02
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B . A=0.06
1 1 | 1 |
0 0.5 1.(
Bmir

Green: A:=6%
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Boosted A. - my,

At very high B (~0.9) the m,, distribution is distorted, thus introducing model dependence.

0.1 T T T T ' T T T T I T T T T I T T T T I T T T T
B = 0.2[[]! LI L LI L LI L L LI L L L L L
6y ] METL l | | l |

L \ -
008} . I — gmio

- ¥ 0.15+ mn -

: : = i - B, =095/ .
0.06 i § _

O I ] = -

I I § 01 i -
0.04 : ) -

= ™~ Ig -

P b7t

i 7 005 -
002 SM\ 1 1 -
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JATLAS

a4 14-117

* Cutting on B improves model discrimination.

;02
<C
0.1
0.0
-0.1
-0.2

EBN
N

=5

0

e G,,A=0.02

PSP ! i ..... ] ..... .-
no cut
] | | l | Il ] Il | |
500 1000
m_ [GeV]

;02
<C
0.1
0.0
-0.1
0.2

Boosted A

G,: heavy axigluon, M=7 TeV
P,: light axigluon, M=850 GeV

e G,,A=0.02

—— P3

500

Int. luminosity: 10 fb™! @ Vs=7 TeV, 1% systematic uncertainty
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OATIASTIEBN =0
Fexeerivent B WA B2
Backgrounds
W+jets / Multijets \
* Largest background (~15%) * Charge symmetric
* Residual “top” charge * Huge x-sec but tiny acceptance
asymmetry from W+/W-#1 (~¥5% background in |+jets selection)
* Large uncertainties on * Hard to model fake lepton rates
predictions for overall - use of simulation not practical
normalization and flavor  Estimate rate and shape from data
composition an? LV g
. . b g b< (jet)
b b

jet
g
K iet iet e /
l e /

Other backgrounds (<5%) from simulation:
Z+jets, single top, diboson

S
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QATLAS REE R £
= W+jets estimation

e Shapes from simulation

q g
* Normalization extracted from data
exploiting W charge asymmetry g
v, +1 z
MC + - —
NW=(NW++NW_)=—-(D -D7) g N~
e —
e s
_— + - 1 1 . — single top (456.
rve = W*/W- ratio from simulation _E ATLAS =Fhiny
.. . — [ W+pts(23793.3)
D) = # of selected positive(negative) S Internal O
lepton events in data M: y '//'/4”/
— v /)
- /% /m
. . . . 2000 —
* Simultaneous fit of normalization and -
e, . 1000—
flavor composition (W+bb/cc,W+c,W+light) F &
. : : 5 I S S D G U SIS S G0 S
* Modeling is cross-checked in W+jets +*++*"*"+ +FE
5 e = 5 i >

3
Alyl

enriched control region (=0 b-jets)
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Multijets estimation

* Fully data-driven estimates for shapes and rates

E; Miss in >=4 jets, pre-tag

. . 4 C T | ]
* Fake lepton-enriched loose selection O/ o ]
S 10000— “ I:l;‘;z’ ]
S - ) E:ﬁ:ﬁ"’ 7
. 5 8000 W m— 0cO .
* Solve system of equations s F m ;
~ e000- W ATLAS  Internal N
: - Tl wTTev .
l l z fakes in 4000~ Ny [La-sssw -
N =NT"°+ Nfzzze signal region  ,F i . E
tight . loose . loose ,,a: - ¥ .
N _ Sreal N real € fake N fake - 1.2:_ st ]
§ T ++‘-‘+"+‘++‘+"-{-_{_—+—"+‘ """""" L_—t
0'80 100 150 200
ps
- Ntight = # of events in tight selection ‘isolated” 1t*
- Noose = # of events in loose selection _w £
b |
- £,,, = €efficiency of tight selection on real leptons *f < (jet)
- Erke = €fficiency of tight selection on fake leptons g b
¢ jet
jet
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FBU - Likelihood

L(D|T) = H Poisson(d;, ri(T, M))

=1

n
o100~ Sl
j=0 migration matrix M

» where d;, r; and t; are the i-th bins of D,R and T.
» €(t;): acceptance for i-th bin.

» p(ri|t;): probability for event in t; to be reconstructed in r;.
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JATLASEES
' 1T

I
&

FBU — p(A.| D)

The posterior probability for A, is obtained from p(A]y|).

| T T T T T T T T T | T T T | T T

10° E 0.020~ Mean=0.027 -
8 - Fo! - ean=0. .
g B ~8- Protos trut 7| 8 n ]
0 unfoioed - —
> 130__ I shortest 68%) 9 - (A ) RMS=0.010 ]
® - A shrtent 85% S0.015 PAAC N
3 120 p(Aly]) P 5 | _:
- . Q ] ]
i N ] Q g 1
| - (Vp] [ ]
110 + 00.010__ ]
_ + + ] o i ]
100E 1 = ] ]
. . 0.005[ E
90 - 3 ]

0 4 0.000"

-0.02  0.00 0.02 0.04 0.06

Ay | bin
ALT)
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ASEBER =
= FBU - Background

The background prediction is included in the likelihood definition
—>NO background subtraction from distribution of data before

unfolding.

L(D|T.B) = H Poisson(d;, r;(T, M)+b;)

=1
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SATLAS B A=
= FBU - Marginalization

 Bayesian inference framework—> marginalization of systematics
* The posterior probability is integrated over the nuisance parameters.

p(TID) o [ £(DIT(6)) (TYdo)

nuisance parameters

* In Vs=7 TeV |+jets results the integral is approximated with a weighted
sum of nominal,+10,-10 posterior probability distributions.
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Systematics Vs=7 TeV

Source of systematic uncertainty 0Ac
Inclusive | m > 600 GeV | B, 4+ > 0.6

Lepton reconstruction/identification < 0.001 0.001 < 0.001
Lepton energy scale and resolution 0.003 0.003 0.003
Jet energy scale and resolution 0.003 0.003 0.005
Missing transverse momentum and pile-up modelling 0.002 0.002 0.004
Multi—jets background normalisation < 0.001 0.001 0.001
b-tagging/mis—tag efficiency < 0.001 0.001 0.001
Signal modelling < 0.001 < 0.001 < 0.001
Parton shower/hadronisation < 0.001 < 0.001 < 0.001
Monte Carlo statistics 0.002 < 0.001 < 0.001
PDF 0.001 < 0.001 < 0.001
W +jets normalisation and shape 0.002 < 0.001 < 0.001
Statistical uncertainty 0.010 0.021 0.017

Average difference of the mean of p(A.) for +10/-1c variation of the source of
uncertainty.
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JATLAS REEB =)

FBU — systematics Vs=7 TeV

» Statistical uncertainties > systematics.

» Approximate marginalization as discrete weighted sum of
nominal,+10,—10 posteriors.

/dxpxy prl )Ox; ~

2

Z P(Xi,y)AX,'

xi=—0,0,+0

» Compute weights Ax; based on gaussian definition
> AX_, = f—o.s dx Gaus(x)

» Axp = +0 ° c dxGaus(x)

> Axy, = f:of) dx Gaus(x) /

er nominal | SYSter
/ variation - 1o variation +1c

| | | |
-2 -1 0 1 2
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Results — A vs my

no f3, , cut B, +>0.6

é} 0.25_| LI I T 1T I LI I LI I LI I LI I |||||||||||| ] é’ :I T TT I T TT I T TT I T TT I T TT I T TT I |||||||||||| :

opf. ¢ Data ATLAS E T L g ATLAS E

r = ] (oY) - =7 TeV .

- SM \s=7TeV 1 . c 0.5 ¢ Data Vs e 1 =

0.15[ Axicluon m300 Gev fL dt=4.7 b = © = SM fL dt=4.7 fb ]

- xigluon m=540 e I « 0.4 Axigluon m=300 GeV E

0.1 Axigluon m=7000 GeV - X 0.3 Axigluon m=7000 GeV =

- ] , - :

0.05 — 5 0.2 t

C _ QD —n C -

- . i 0.1 , =

0 — ] ; - ) | _

: ] S T =

-0.05[— - o - =

- ] Z 0.1 =

- _I L1 1 I 1 :I L1 1 I | - I | - I | - I | - I | - I | - I | - I L1 1 I:
0% 100 200 300 400 500 600 700 800 900 0 100 200 300 400 500 600 700 800 900

m, [GeV] m, [GeV]

The measured A.(m,) spectrum is compatible with both

* SM predictions

* Axigluon benchmarks with inclusive A. compatible with current Tevatron
and LHC results
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Ac Vs |Vl

é} 0.25_ T | T T T | T T T | T T T | T T T ]
0.2 - ¢ Data ATLAS E
E =7 TeV ]
- SM \s=7Te 1 ]
0.15F . fL dt=4.7 fb E
- Axigluon m=300 GeV .
0_1f_ Axigluon m=7000 GeV _f
0.05— =
o -
-0.05— -
_0 : 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I :

b 0.2 0.4 0.6 0.8 1
ly |
yt't

Bsz.G

Results — A. vs |ygl,Pry

Ac VS Pry

<f.vo-25:'"'|'"'|""|""|""|""|""| """""" ]
0.2:_ ¢ Data ATLAS B

- SM (s=7 TeV .

0.151 fL dt=4.71b" =
01 =
0.05] ! =
o -
0.05 =

* Clear enhancement of A. vs |y, | (same as B, )
* Higher precision at high |y, | due to better sign(A|y|) reconstruction
* Large uncertainties in A vs p; due to migrations across pr bins
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Results — Interpretation
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ATLAS

Models from:
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e 3 0.05 o
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Ag A g (Mg > 450 GeV)

 Tevatron results show some tension with SM predictions
* LHC measurements are compatible with the SM predictions.
* The W’ scenario is disfavored by the combination of A. and A,; measurements.
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QTr’— - L=
b g Ac with a photon handle

e veto radiative top decays: reject events satisfying either of the following conditions:

1. mr(bi2ly;pr) < mi + 20 GeV and m; — 20 GeV < m(ba177) < m + 20 GeV;
2. mr(b120;pr) < my + 20 GeV and m; — 20 GeV < m(be,15j7) < my + 20 GeV,

where by, by = b, b, and by # bs;

e consistency with radiative top production: mr(by 2f; pr) < my + 20 GeV and m; —
20 GeV < m(by177) < my + 20 GeV.

% E Full 2—7 calculation
9 3.5 2—7 calculation w/o radiative top decay
2 C &
;E sl Ho e preselection cuts
oo L -- +ARcuts
o5 + mass cuts
2F-
15 :
- il
C il
- i!
1: 5:
= i ¢ "
0.5— gl =
- Y w) et S
: _“.:'._‘J' _______
KLU ORI IO
O_....I....I,.uﬁ"i'r'|....|....|....|....| ||||||||
0 50 100

156 200 250 300 350 400 450 500
m(y,b,q,q) [GeV]
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A. relatives

2 T T T T T T T T T T T T T T T T T T T T T
L | [ | | I

Other important aspects to investigate at the | Tevatron _
LHC: E ;
Precision measurements o5t -
- lepton asymmetry: sensitive to top < of :
polarization osf .

- collider independent asymmetries A /A, 1-
"*F Phys.Rev.Lett. 109 (2012) 211808
_-2O.Gl I l-01.4l l l-01.2l - (l) lp: 10{2] ] l0!4l l l01.6l l l0.8

u

Direct searches t
Run-Il dataset will improve direct searches for
asymmetry-related NP:

- multiple top quarks production (axigluon) 4
- same sign top quarks production (Z’)

- top and bottom quark pairs associated
production (axigluon)
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