Forward—backward asymmetry of the top
guark—antiguark pairs at the Tevatron:
a window tor new physics ?
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The top quark ..

mass - =2.3 MeVic* =1.275 GeVic*

charge = 23 u 2/3 C

spin = 1/2 / 12 /

up charm

=126 GaVic*

Discovery !
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=4.8 MeVic: =05 MeV/c? =4.18 GeVic? Observation of the Top Quark
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. a special quark !

x HeaviesT known elementary particle (M_~ M, )

[GeV]

— QUARK MASSES
»CYukawa, — p¢¢r,top .
Atop = 1

150

100

¥ top life time ~ 107%s << hadronizafion fime | =

up | §
down | ¢
strange |*%
charm @&
bottom [T ¢
top

B i3.01 £ 0.89 GeV
op

x Strong coupling fo Higgs boson : special role ?
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x Decauys betfore hadronizing : sfudy of a bare quark,

||i> Ideal sector 1o search tor new physics
- study the Top gquark properties in details,
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Top quark properties

WHAT CAN WE
5/ LEARN FROM
% FERMILAB DATA?

Top mass
Top mass difference . :
Top charge Branching ratios
Lifetime |V, |
Top width Anomalous coupling
t New/Rare decays
t

Spin _correlation
Color F‘ow
W helicity s- & t- channel production,

properties and searches in
single top events

Production cross section
Production kinematics
Production via resonance
New particles

v ANL lunch seminar '1’

We are going fo focus on the charge asymmetry of the
Top quark—anTiguark pairs which have been studied both atf

the Tevatron (this talk) and at the LHC (few words in
The conclusion).
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Theory of the charge asymmetry

At NLO, @CD predicts a 11 production asymmetry via 44
annihilation, Due to the inferferences :

t e TE T U U T U G PP
q q z
g q\vgm
iq—enwmrm—e

negative as%mmeﬂt{,

o)

vosiTive asymmelry

Kuhn, Rodrigo Phys, Rev, Lett, 1, 44-52 (121g)

‘"the sustem is less perfurbated it the
oufgoing positive electric charge field
(colour ftield for tops) flows in the
divection of fthe incoming positive
electric charge field""
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Non SM processes can
modify the asymmetry
(axigition,” 2 ym



http://prl.aps.org/abstract/PRL/v81/i1/p49_1

Standard Model predictions

dO—tt_ dat—t

1
A
Ac = — = d cosf +
“7 o5 754 fo o8 (dcos@ dcost9>

NLO QCD: only asymmetric ferm known so far

a
<
E (1), 4 .(2)
&
& AQCD— ' \T 4 +CESGA +A
S c (0) 1 2
S 2 3 (1) 4((2)
=
<
Symmetric Term (cross—secTion) known at NNLO QCD
(MiTov, Czakon & Fiedler PRL 110 252004 (2013)]
Also, EW corrections To take info account: + ~25x .
Holik & Pagani PRD %4, 043003 (200)
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http://prl.aps.org/abstract/PRL/v110/i25/e252004
http://prd.aps.org/abstract/PRD/v84/i9/e093003

Standard Model predictions
Will be our baseline tor predictions,
250kl

[ — Bernveuther & Si PRD 34 034024 (:/_01:/_)] — Campbell & Ellis
consistent fixed—order perturbative ar £ivi12.04,1513 Thep—ph)
expansion NLO/LO NLO/NLO computation

S — Holik & Pagani PRD g4, 013003 (201) —~ decrease by ~20x
s} same with different set of PDF + larger uncerfainty
£ — Kihn & Rodrigo THEP 1201, 063 (2012) MCeNLO  MCFM

_9':’ same with LO PDF instead ot NLO PDF — Event generafor

% — Ahrens el al, PRD &4 014004 (20m) NLO/NLO computafion
K NLO + NNLL — decease by ~30
< Consistent predictions

D

Theovetical uncerfainties: PDF, faclorizaftion & renormalization scales.

Also, uncerfainty may be underestimated

Brodsky & Wu PRD 85 14040 (2012).
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http://arxiv.org/abs/1109.6830
http://arxiv.org/abs/1106.6051
http://arxiv.org/abs/1205.1232
http://prl.aps.org/abstract/PRL/v110/i25/e252004
http://prd.aps.org/abstract/PRD/v84/i9/e093003
http://arxiv.org/abs/1204.1513
http://arxiv.org/abs/0812.0770
http://arxiv.org/abs/1007.3492

Charge asymmetry at the Tevatron

t - dominant production process at the
< Tevalron (There is no asymmelry in
~85% Nt gluons fusion production)

o ya " 1=~ Top
{ . ;/ Muon Scintillators I {p ‘Feye d)
4 e Muon Chambers :

S 9 | q g
s | |
odF '] |l [
§1 CM = LAB frame L \ g— B ® S
= w
_-\ ua'k orimeter H an*'q’uark
2 [ |
i Tor0|d H
— ) —
&1 Tevatronh top |
anti-top An‘Mop ﬂ _ D I ey @ﬁ
(prefered)
Forward—Backward
B
n asymmeTry
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Observables : looking at the tops

t
* Top—based asymmetry : | a(:si-top

Do fop quark pretferentially

tollows the initial gquark >
v direction ? L
§ y<o Y>0
sl g _ N(Ay>0) - N(Ay <0)
-g 5 N(Ay > 0) 4+ N(Ay < 0) 1[ E+p,
S Yy = =Iln
o 2 E - Mz
5 Ay — Ytop — Yantitop b
1 7

6oes trom o (p.-0, transverse to the
beam direction) to co (E-p , along
The beam direction).,
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Observables : looking at the leptons

* lepton—based asymmetry : W :1(:1?' top
I-

Looking at fhe leptons trom the fop
guark decays

\ B
1 n
s b x no need to reconstruct the 1T system &«

% leptons are well measured Lepton's flight direction
21 xintluence trom top polarization (it any) Is 00“’?/37%0/' TQ The
S dilute asymmedry fop's flight direction

=

Z

<<

<

Aee:N(An>0)—N(A77<O) An = np+ — M-
. N(An > 0)+ N(An < 0) 9
N(gxn>0)—N(gxn<0) 1= nlng)
N(g@xn>0)+ N(qgxn<0)

¢ _
AFB_
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Experimental apparatus

Muon chamber : identification and
momentum measurement of muons.

Calorimeter : idenfification and energy
measurement tor jets and electrons,

Tracker : detectfion and
momenTum measurement
for charge particles.,
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DO L+jet (5.4 fb™ ———
15.2 +4.0 %

DO combination (5.4 fb™) ———

o 118+32%
k L]
(]

.

DO Dilepton (5.4 fb™) [x o

®
53%+8.4%

Bernreuther & Si, Phys.Rev., D86 (2012) 034026
| | |

vl
CDF L+jet (5.3 fb™) q:x/o ° .
Qe 15.8 + 7.5 %
DO L+jet (5.4 fb™ o
19.6 + 6.5 %
vl
[}
. -1 %

DO Dilepton (5.4 fb™) Ho >

5.8 +5.3%

0 5 10 15 20
Asymmetry (%)

With halt of the Tevatron statistics

-027T

deviations befween measureme
predictions up fo 3 §D !

Chapelain, 2014,02 .11

Previous measurements (2012)

A tt

08 + o i parton - level

0.6 +

CDFdata 5.3 fb™
= 4 NLOQCD

0.41 =

0.2

+4 &

1t parton -level
CDFdata5.3 b’

tf NLOQCD

|
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Physics beyond the Standard Model ¢

Some new physics models could explain fthe deviations
observed af the Tevatronm

tree level interferences with SM

. : 3 gut ] ¢ *
UNG G ~7t & &
Z

;§> i G i G f % ;:>v§m<<;
4
S
£
iy & dgliion” © Tl
5 massive color vecTor boson SM model 1T
‘) octet with axial— with flavor production

vector couplings changing

e e S couplings in Let's focus on the

s—channel the t—channel

axigluon model,

(Frampton, Glashow, PLB190 (1431) 157)
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http://www.sciencedirect.com/science/article/pii/0370269387908598

Axigluon model

q 1
Contribution to 1T production trom sM INT . 2 @
gluon / axigluon inferference : Ta ~ Ys Mt%?f Mé

V4

¥ We pneed :
S

INT
Oq >0 mass of the 1T pair axigluon mass

ACD coupling constant

\\

Tfo observe a posifive

L Axial —veot ling to light
contribution To the asymmetry xal=ecloy eoupiitaRoRI I D

and top (1) quarks

ANL lunch seminar

MG>Mt57931‘9f4<0

(Frampton, Shu, Wang, PLBe3 (2010) 294]

<
D

Mg < My, g% g4 >0

[Tavares, Schmaltz, PRDs4 (201) 05400%)
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http://prd.aps.org/abstract/PRD/v84/i5/e054008
http://www.sciencedirect.com/science/article/pii/S0370269309014919

Axigluon model

Contribution To the 1T production from axigluon self—infert

No contribution 1o NP _ 2 2 Mtzf
A1 o the asymmetry but o5~ (94)"(94) (MZ — ME)?
IT constraints the
model, :> os(NP) confribution should be small
To vrespect The agreement befween
the measured and predicted 17
cross—section,

ANL lunch seminar

Ol c.g. : if the axigluon mass is close fo the 1T vesonance
(M~M.. ) = couplings should be very small

Also, the width of axigluon should be large not to be
seen in the 1T production spectrum,
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Measurement

—e— CDF D; 4 fo
2,3 TeRS 0B
= Total Prediction
Acp = 0.021

1, Event selection w»

2. Kinematic
Y€COV]5‘\'VMC‘\'|OV] 10 1020 %0 49 50 60 10 8 % 10

< 1000

v'ANL lunch seminar v

304
-6

5, Unfolded

results

rocedure

%

3, Measurement
in dafa after
background

subtraction
>

1.5
. L .
15 1 05 0 05 1 15
Measured Ay

$0.09
£ 008
o
S0.07 L L s n s L L
g 2 45 4 05 0 05 1 15
<

4, Correct tor reconstruction
and acceptance effects «

study sustematic uncertainties

e ——
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- Top quark pair sig

x Top guark decays ~100x in t=Wb, Final V,, o
sfates are defined according fo the W t
boson decay modes. b

Top Pair Branching Fractions

“alljets” 46%

ttHets 15%

L+jets 15%

°MLL lunch seminar °

et+jets 15% ]
"dileptons” "lepton+jets”

x We are interested in the dilepton and l+jets channels,




Event selection: dilepton channel

e*\ ¥ 2 isolated leptons :

e y electron (e) or
proton muon (W)
q "." t __p | * High missing E_
/ 5| from the 2 neulrinos
E t ) e
antiproton
- | | \ J
W H
\ event selection according

to this topology

‘ Small rate . ’ b

v ANL lunch seminar v

b
Small background
¥ Drell=Yan (from MC) > zZ
¥ Instrumental (fvom data) : z Yu'{
W+jets, mulfijets —» fake leptons
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v
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H9)
< |
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Good rate

Reasonable background
¥ W+jefs (from MC & Datfa)

¥ 1 isolated lepton
electron (e) or

muon (W)

¥ High missing E_ from
The neutrino

¥ >= 4 jets (2 b—jefs)

Q'\

—

¥ Mulfijet (dafa) — fake leptons 7




ttbar reconstruction

¥ top lite time ~ 1072°s - the fop quark is not observed
in the defectors .. Need 1o reconstruct top's kinematic to
compute the 1T—based charge asymmedry,

Energy—momentum

S b _ Jet conversalion al each
; s T fex (black dot
© —— [ _Lepton verTex (black doT)
F Proton t
& B - Fr
= _ |.—Lepton
< Proton g T P
-8 _...__H:: T
=
3 \/ =
< b ~Jet System of equations

v 3 @5 P, + Py = P,

\ P;+Py- = P;

x@ o ’ _ 5
@\{\ @@‘ P+ + P, = Pwy+
\é ® P+ P; = Pw-
Ple * PV2x = Eftniss
P + P - Emiss

Viy Y2y Y

A, Chapelain, 2014,02 .1 — top FB asummelry al the Tevatron —

oy




ttbar reconstruction

¥ N(unknowns) > N(knowns) — M, and M_ tixed to their world
average values within their uncertainties, a—
\/ b-jet

¥ Test different lepton—jet permutation,
eogo: ijzMwo

¥ Experimental vesolufion is  faken info
account,

¥ lt+jefs :  kinematlic it To reconstruct the tull event

v ANL lunch seminar 4’

SNliicnion : also a kinematic fit but the system is less
constrained due 1o the 2 neutrinos - need additional
assumptions (e.g. : p_ ., relafed to veufrino's p_).

A, Chapelain, 2014,02 .1 — top FB asummelry al the Tevatron —

21




1 Raw (detector) asymmetry i

Background subtracted data ...

Predicted A% = 10.022 + H+_+_ 200%
1500 _+_-+— _+_ _+_ 1
1000 +_+:+_ + +

dN/d(qy)
Events/0.4

o

<

—
o
<

(&)
o
LB B e e e s e

w 1200 —
) —— CDF D, 4 b
S D 880 B1o o F Pp——
] — 20 Total Predicti T 50 T , 5.4 fb
€ 1000 Ave = 0.020 + 0.012 g 250 E a, lot
> [ W Background w r +ets
w 800 |~ A =-0.034 +£0.013 200 [ Multijet
C p—— C e Data
600 |~ 150
400 - —_—— D 100
200 |- . - 50
' — e
s s 0 Y I ............ _A.| Ay :
= 5 0.2 __1_+_ S
P a 2 15 -1 05 0 05 1 15 2
s Ay
O 300
) ' D@, L=9.7 fb Wit
NLO QCD (POWHEG) 4  (+Jets (Data - backgrounds) r |z
_(:) 250 ClInstrum.
< 20001y feasured AL, = +0.070 £ 0.022 r Bl Diboson
3 e Data
Ly
<

500

|

~1.0 05 0.0 0.5 1.0 axm
qYe

But can't compare due fo different acceptance cutfs and

detector effects.
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Unfolding

Correct tor acceplance and detector eftects back 1o the
parfon ( production) level,

-

n meas oc

migraTion matfrix

b ANL lunch seminar 4’
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05 1 15 2
Measured Ay

e

SAN,... W=

3 016
So.15
. 0.14

S

bitrar
o © ©
© LA a
- .. N W

0.09

Acceptance/Bin (Ar
(= =]
o O
N o©

- —1 —1 -
nparton =5 A N heas
selection efficiency
2 1I.5 I1 OI.5 (l) Ot5 ‘; 1 .l5 2
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Systematic uncertainties

The main systemalic uncertainties and fechnigues 1o
esTimate them are:

@v\a\ mode\@ @mimosib
Y Y

[veolevive migraTion [moolifg, baokqvouwol]

detector mode@

<]
v

maTrix subtracted data

f

ANL lunch seminar

;v

@ bckqg composiT@
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Tevatron 11
asymmeTry measurements
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Do \+jets

[Phys. Rev, D 24, 112005 (201)]
TABLE III. Reconstruction-level Agg by subsample.
App (%
TABLE IV. Ay-based asymmetries. Subsample Data wB (%) MC@NLO
Arg (%) m; <450 GeV 7.8 +4.38 1.3 0.6
Reconstruction level Production level m; > 450 GeV 1.5 + 6.0 43+ 1.3
Data 9.2 +3.7 19.6 = 6.5 |Ayl < 1.0 6.1+4.1 1.4 £ 0.6
’ MC@NLO 2.4 +0.7 5.0 * 0.1 |[Ay| > 1.0 21.3 +9.7 6.3+ 1.6
.
G
= ® F -
s ;C: 250 :_ - tt Dg, 54 fb-1
-4 2 O Wiets
= 200 [ Multijet
= ~ o Data +
C 0 150 —
iy -
2 -
<< 100 —
o S0
- c3(\0
Ay X
X
prediction : 8.8 + 0.6 x A\
o -r) 0. Ci DD & - . A
[Bernreuther & Si PRD g¢ 034026 (2012)]
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http://prd.aps.org/pdf/PRD/v84/i11/e112005
http://prl.aps.org/abstract/PRL/v110/i25/e252004
http://prl.aps.org/abstract/PRL/v110/i25/e252004

CDF l+jets

D, (2013) )]

09720072

o) —— CDF Data, 9.4 fb™
2 25 A, =0164+0045
= | — tt Prediction
\ 8|2 2f AL =0.0660.020
u o] E
15—
§ - ——
k P —+—
q")’ 0.5 - |
LSO . .
0 __._l | | | | | |
= S 02 ——
— -g O R T S — — 1 +
_y S.02f —+—
> >-0.4 |- —1
-2 -1.6 -1 -0.5 0 1 1 5 2

Ei”’

Parton Level Ay

full—statisTics

pveohc’novx ! 8,8 E 0.6 X
[BernreuTher 2 Si PRD 35 0340724
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¥ \
t 06F. —— CDF Data, 9.4 fb™

i o, = (25.3 + 6.2)x10” L ~2 .80
- _ O

0-5F" — ti Prediction —
- -2

0af  Ow= (9.7 £ 1.5)x10 )

0.3

02f g
B —

0.1
s /, ] |

% 0.5 1 15 2
Parton-Level |Ay|
[21]
& [ — CDFData, 9.4 fb" ) .
o Oy = (1.5..5¢ 4.8)x10™* (GeV/c?) ~2|. 4
— tt Prediction

I oy, = (3.41.2)x10" (GeV/c?)" ]

0.4

0.2
i | 4——:====-—F-===f=-—-+====::
= | | 1 t 1 J

g50 400 450 500 550 600 650 700 750

(2012)]

— top FB as%mme’w at The

Parton-Level M_ (GeV/c?)

Tevatron —
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http://prd.aps.org/abstract/PRD/v87/i9/e092002
http://prl.aps.org/abstract/PRL/v110/i25/e252004
http://prl.aps.org/abstract/PRL/v110/i25/e252004
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Tevatron leptonic 1T
asymmeTry measurements
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1Y | <105

Quantity Inclusive

Data

4.7 +23+1

MCQ@QNLO 2.3

- D@ preliminary, 9.7 fb”
12 Production Level

S.Frixione and B.R. Webber,
JHEP 06, 029 (2002)

Events

Data/Exp

Events

Do l+jets

(‘Do nole £331)

150 D@ preliminary, 9.7 fb”

100;

Events

200 pg preliminary, 9.7 fb”

Data/Exp

15 1 05 0 05

1
I

1.5
I

Events

| D@ preliminary, 9.7 fb™

5 ’
bppttoss etiseg

o o 1.5

Pl U BT RPN PRI EPEPRPITE T B L>l.<l L $ § L>l.<l
20 30 40 5I0 60 70 80 90 I'\‘g 1_1 §§ H XX ,6% ® ¥ é% ‘\‘g 1

epton p, [GeV] 8 451050 05 1 153

ay,
.06 e
&\g\\ prediction : 3,8 + 0,3 «
X2 (Bernreuther & 5i PRD 35 034024 (2012))
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— top FB asymmelry at the Tevatron —

o

15 -1 -05 0 05

1
!

Y

1.5

24



http://www-d0.fnal.gov/Run2Physics/WWW/results/prelim/TOP/T98/T98.pdf
http://prl.aps.org/abstract/PRL/v110/i25/e252004
http://prl.aps.org/abstract/PRL/v110/i25/e252004

I NLO QCD (POWHEG) 4= /+Jets (Data - backgrounds) —— NLOQCD 4 f+Jets data Fit A (quy)
| Uncertainties: [ tlo(stat. + sys.) BN +lo(stat.)

+

T[4k = 00047553

—03. i f 0.6
| qye|

[Measured A%, = +0.070 + 0.022
Predicted AY%, = 4+0.022 _+_

L ——————

A
O
&
E_'
LSS

neck

| — (POWHEG) ctet A—— Octet R \
Mo U o) oA o Results is exfrapolated to the
full phase space using a fitted

function : f(qye):atanh(qye)

e

Generator-Level

2

-F---. EEEEEN

prediction : 3.8 + 0,3 «

(Phys. Rev, D g8, 0712003 (2013)]



http://prd.aps.org/abstract/PRD/v88/i7/e072003

LD A

A

p L
©
&
S
O
m.
&
o

e Data
— MC@NLO

xTvapol\aTiom
extrapolafion

0.5 (do /dn, + do/dn, ) [pb]

i i
1.Phase, spaces, -
D -1 0 1 a

-4
3

w

1 qx,rl 1

-

extr corr
A — A X fe:vtr

meas meas
Afull acceptance
MCQNLO tt
Afiducial )
MC@NLO tt

fe:vtr —

Abp = (4.44 3.7 (stat) £ 1.1 (syst))%
A% = (12.3 £ 5.4 (stat) = 1.5 (syst))%.

[(Phys. Rev, D g8, 112002 (2013))

-DQ, L=9.7 fb’*
—® Data

-m MC@NLO
"+ Model 1

" ¢ Model 2
% SM



http://prd.aps.org/abstract/PRD/v88/i11/e112002

CDF dilepton

y:
i CDF Run Il Preliminary (9.1 fb) - Background 300 ;— CDF Run Il Preliminary (9.1 fb") —; Background
_ 600 __ tt > I'l" +2jets + ET __ ‘\‘%gtb;racted R 250 ;_ tt - l I +2jets + _;‘\‘ggtb;racted
& N ) 5 200F =
S L - powneatt | © = 1  PowreGHtt
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http://www-cdf.fnal.gov/physics/new/top/2013/AFBlepCombination/topdilLepAfb_Pub_v2.pdf
http://prd.aps.org/abstract/PRD/v88/i7/e072003

Tevatron measurements summary
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Tevatron asymmetry combination

: <
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CDF and Do are working on the
Tevalron combination, Expected
uncertainfy ~1,5 % for the
single=lepton asummetry,

A, Chapelain, 2014,02 .1

— top FB asymmelry at the Tevatron —
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NLO SM Calculation
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Phys. Rev. D 86, 034026 (2012)
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No asymmetry

LHC measurements

(Mitov, Czakon 2 Fiedler PRL
Collider |0t [pb]|scales [pb] | pdf [pb] [F
F0.110(1.5%) |+0.169(2.4%)
Tevatron 7164 |7 o002.8%) | —0.122(1.7%)
14.4(2.6%) | +4.7(2.7% ‘
LHC 7 TeV | 172.0 —5.8§3.4%3 —4.8%2.8%%
¥6.2(2.5%) | 46.2(2.5%)
LHC 8 TeV | 245.8 —8.4(3.4%) | —6.4(2.6%)
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LHC:
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http://prl.aps.org/abstract/PRL/v110/i25/e252004
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Lot of measurements ..
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https://twiki.cern.ch/twiki/bin/view/AtlasPublic/TopPublicResults
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsTOP

LHC measurements summary

0.5+ 0.9 %
Lepton+jets
——— 04+15%

CMS 19.7 fb™', 8 TeV

CMS 5.0 fb™', 7 TeV

Dileptons ®
5.0+ 5.2%

Lepton+jets —@— 0.6 + 1.0 %

Dileptons ®
5.7+ 2.8 %

—e— 1.0£1.6%
Dileptons
——231+1.4%

Bernreuther & Si, Phys.Rev., D86 (2012) 034026: 8 TeV,
|

ATLAS 4.7 fb™, 7 TeV

CMS 5.0 fb™', 7 TeV

ATLAS 4.7 fb™, 7 TeV
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No deviafions seen
so tar at the EHES

Results start to be
limited by the
systematic
uncerTainties,
Need new phase
space To increase The
sensitivity,

> New physics implications 299




New physics
0-1 R Eur.Phys.J. 0-08 | 1 1 1 | 1 1 1 1 | I I I 1 i
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http://arxiv.org/pdf/1311.6724v1.pdf

Cownclusion & outlook
op charge asymmetry :> New physics ?
CMS 19.7 fb™", 8 TeV
\ ¢ : ) _ —o-|-o.5¢0.9% ’
Lrlc v V\O de\/la‘hOV\S SO ‘Fal’. E@SMHS Lepton+jets 04150 CMS 5.0 fb™, 7 TeV
stfart To be limifed by tThe systematic Dileptons —e—
: : A . . ATLAS 4.7 fb™, 7 TeV
N uncertainties, Will need fo look af Dilptons | e
Vo ; ; 57+28%
. I special region ot the phase space fo
© 3 G fieo CMS 5.0 fb™', 7 TeV
= ! increase the sensitivity, | —— roxew
s Dileptons ATLAS 4.7 fb™, 7 TeV
) ——23+14%
wn
1< Bernreuther & Si,lPhys.Rev., 08? (2012) 03402(3]: 8 TeV, |
g DO L+jet (5.4 fb™) —_ e | 0 5 10 15
S ) p 19.6 £6.5% Asymmetry, %
CDF L+jet (9.4 fb™ — e
iy 16.4 +4.7 %
2 DO Dilepton (9.7 fb™) . ; F
< 2.4539% .
oL m s Tevatron : 2 o deviations (espacially af
1 o viepton e — high invariant mass)., Waifing for final Do
CDF Lu+jet (9.4 fb™) - :
94132 % resulfs, = need To combine CDF & Do
Poplepton (3715) T2 teTw results  to achieve the best possible
CDF Dilepton (9.1 fb™)
7.6 +8.1% N
Bernreuther & Si, Phys.Rev., D86 (?012) ?340261 | ) Se V‘ S |T | v r"% o
0 5 10 15 20 : . f
Asymmelry (%) Also : wail for NNLO predictions
A. Chapelain, 2014,02 .1 — top FB asymmelry at the Tevatron —




By the way: I'm on the post—doc
market atter June 2014 ..
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Standard Model predictions
ERIEREISTORY OF CHARGE ASYMIMIERESE

ind ¥l
2] [Berends et al, Nucl Phys. B63 (1973) BSI] /
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Axigluon constraints

¢ Dijet and top pair production,

¥ LHC charge asummetry,

CMS, 19.7fb", s = 8 TeV
rrrrprrrprerrprrrprrrprrrprea
E-“'I"'MH§E1 "'Data
Background
Z' 750 GeV

10r

iy
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¥ Electroweak precision observable,

(Bai et al,, THEP103 (201) 003]

b

(Haisch, Westhoft, THEP10s (201) 08%)

(Gresham, Shelfon, Zurek, THEP1303 (2013) 008)

CMS M(ttoar) measurement
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http://arxiv.org/pdf/1309.2030.pdf

'  Avigluon ¢

AXIGLUON SURVIVORS

Heavy, flavor-sensitive: Light, broad, flavor-universal:
| Mg =~2Tev 200 < Mg < 450 GeV £&
S q t q t \,465“\0 %
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<0020
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SM predictions

Kuhn, Rodrigo, 2011; Hollik, Pagani 2010; Bernreuther, S1 2010

2
;¥

S Pecjak, Top2011 At [%] AL %]

E. NLO 7.32°09%5%% | 4.81°0%°%%

& NLO+NNLL [Ahrens et. al.'11] 7.24759%% | 4.887520°%,

§ o NNLO,pprox [Kidonakis '11] 5.2+99

& Egt:att Llilgr?iid EW’'/NLO’ (z = m;) [Bernreuther, Si '10] 0.05 0.04

2 M orreciions EW/NLO (1 = m.) [Hollik, Pagani '10] | C 0.22 > 0.22

. EINLO PDFs | :

_2_\ numerat;"” NLO(QCD+EW) [Bernreuther, Si, '12] 8.8+0.6

f( 1 mixed QCD and EW corrections
a 12.09.2012 Yvonne Peters 12 .
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i
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LHC measurements

Tevatron LHC
S _N(Ay>0)—-N(Ay<0) y _N(Alyl>0)—N(Aly|<0)
B N(Ay>0)+N(Ay<0) T N(Aly|>0)+N(A]y|<0)

TevatronAd top _1, E+p.
a \ anti-top Y 2ln(E— pz) e 4 ;%gi-top
% AY=1Y, - Y; Alyl= 1yl - Iytl//\
- .
& n n
g
2
<
S

o AC VAGIGS PT,TTbaV
¥ Ac Versus mp.
* A, versus B .
=> more sensitive 1o

A. Chapelain, 2014,02 .1
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Special region ot the phase space

new physics models,
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New Observables

R REE ASYMMETRY WITH A ' |E HANDLE -

Probe asymmetry at LO QCD by exploiting jet kinematics:

déa(qq — ttj) = |do(tt) — do(#t)|(9;, Ej, p, AE), AE = E;— FE;
£k
X0
Y') e \Nes “\a‘(\\k
i GeY
.g 0'\'5:
-3
-4
s
2
S
Ly
2
<
é [Berge, Westhoff, JHEP 1307 (2013) 179]
g dé%  dé(cosep>0) dé(cosp <0)
channel: Iincline asymmetr 4 = =
q9 4 Y ae, do; do,
168 d6(AE 16(AE
B elannel energy asymmetry 24 _ 9085 >0)  dolasl)
dgj dgj dﬂj
A. Chapelain, 2014,02 .1 — top FB asymmelry at the Tevatron — | 4—8




New Observables

NEW OBSERVABLES AT LHC @ I4TEV

Incline asymmetry: Energy asymmetry:
AP — Uﬁ(ytfj U (D < 0) AE = ﬁ . d(AE > 0) — d(AE < 0)
o os o(AF >0)+o(AFE <0)
<
-3
&
A
<
=
2
2

- ]
o

Good d|scovery potenﬁal durmg first run at 14 TeV.
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Figure 8: Distribution of the ratio A;/A; at the Tevatron as a function of pr, (left) and my;
(right) for the SM (dotted black) and for the BSM benchmarks studied in this paper: Axi200R ﬁ%ﬂ
(solid blue), Axi200L (solid red), Axi200A (solid purple), Axi2000R (dashed blue), Axi2000A
(dashed purple), and Zp220 (solid green).
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(Falkowski et al,  ariiv:1401,2443 thep—phl]

N(Aly["* > 0) — N(Aly|* < 0)
N(Aly[?t > 0) + N(Aly|** < 0)

< N A 5
- ANA
g o e

N(Aly|" >0) - N(Aly|"* <0) Al =
N(Aly[*>0) + N(Aly|" <0)

— lys|, for leptonic top decays
Alylﬂ = { |yf+| |yt| p P Y

Atf

lye| — |y;—|, for leptonic anti-top decays



http://arxiv.org/pdf/1401.2443v1.pdf

[(Phys., Rev, D 21, 092002 (2013))]

Gevnerated asymmetry

TABLE I. Parton-level asymmetry predictions of POWHEG,
MC@NLO, and MCFM after applying electroweak corrections.
-
4 MC@NLO POWHEG MCFM
5 Hnclusive 0.067 = 0.020  0.066 = 0.020  0.073 = 0.022
s Ayl <1 0.047 =0.014 0.043 =0.013 0.049 = 0.015
= Ayl >1 0.130 = 0.039 0.139 =0.042 0.150 = 0.045
:2: M, <450 GeV/c*> 0.054 =0.016 0.047 =0.014 0.050 = 0.015
A M;:>450 GeV/c? 0.089 =0.027 0.100 = 0.030 0.110 = 0.033

A, Chapelain, 2014,02 .1
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http://prd.aps.org/abstract/PRD/v87/i9/e092002
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Unfolding & reqularization

Correct tor acceplance and detector eftects back 1o the
parfon ( production) level,

— - = g R
nmeaSOCS A nparton |]|]|:> nparton_'S A nrneas
Add a regularization term 1o limit The statistical
tluctuations: n e g =
nparton S T nmeas
2E_—A\a'eragemeasurement P |OV COV]dFt‘OV] due J"O aV]
i :_—Truedlstrlbutlon_‘_|=’= XP@C‘\'|V]Q beha\/‘OY/ eoq‘,:
;%; : = smooth distribution,
= I strength of the reqularization
- F':-zrton-level A-y |
. Chapelain, 2014,02 .1 — top FB asummelry al the Tevatron —
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CDF l+jets ttbar asymmetry uncertainties {
TABLE V. Systematic uncertainties on the parton-level Agg
measurement,
Source Uncertainty

A Background shape 0.018

s Background normalization 0.013

% Parton shower 0.010

< Jet energy scale 0.007

E [nitial- and final-state radiation 0.005

:z: Correction procedure 0.004

A Color reconnection 0.001
Parton-distribution functions 0.001
Total systematic uncertainty 0.026
Statistical uncertainty 0.039
Total uncertainty 0.047

A. Chapelain, 2014,02. - fop FB asymmefry af fhe Teveion = 53
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Source of Uncertainty

Backgrounds
Recoil Modeling
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PDF
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Total Systematic
Data Statistics

Total Uncertainty




D@, L=9.7 fb’
= Data
——MC@NLO
- — Model 1

- — Model 2

|_
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©
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Anck
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A TEZR
i e

|

D@, L=9.7 fb"
~ + Data
F—MC@NLO
- — Model 1

- — Model 2

.

0

0.5

Corrected Extrapolated

Aby A"

Ay A”

Source

Object ID 054 0.50
Background  0.66 0.74
Hadronization 0.52 0.62
MC statistics 0.19 0.23

0.59 0.60
0.72 0.88
0.62 0.92
0.23 0.37

Total 1.02 1.12

1.14 1.46




ATLAs l+jets ttbar asymmetry uncertainties

Source of systematic uncertainty O0AC
Inclusive  m,; > 600 GeV
Lepton reconstruction/identification < 0.001 0.001
Lepton energy scale and resolution 0.003 0.003
é Jet energy scale and resolution 0.003 0.003
Missing transverse momentum and pile-up modelling 0.002 0.002
© Multijet background normalisation < (0.001 0.001
g b-tagging/mis-tag efficiency < 0.001 0.001 ! ':
o Signal modelling < 0.001 < 0.001 :
s Parton shower/hadronisation < 0.001 < 0.001
= Monte Carlo statistics 0.002 < 0.001
: PDF 0.001 < 0.001
2 W+jets normalisation and shape 0.002 < 0.001
3 Statistical uncertainty 0.010 0.021

Table 3: List of systematic uncertainties for the inclusive asymmetry (central column) and the asymmetry
with the m; > 600 GeV requirement (right column). For variations resulting in asymmetric uncertain-
ties, the average absolute deviation from the nominal value is reported. The values reported for each
systematic uncertainty are the variation of the mean of posteriors computed considering 1o variations. X

I
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CMS l+jets

ttbar asymmetry uncertainties

Systematic uncertainty | shift in inclusive Ac  range of shifts in differential A¢
JES 0.001 0.001 - 0.005
JER 0.001 0.001 - 0.005
Pileup 0.001 0.000 — 0.003
b tagging 0.000 0.001 - 0.003
Lepton ID/sel. efficiency 0.002 0.001 - 0.003
Generator 0.003 0.001 - 0.015
Hadronization 0.000 0.000 - 0.016
pr_weighting 0.001 0.000 — 0.003
Q* scale 0.003 0.000 — 0.009
Wjets 0.002 0.001 - 0.007
Multijet 0.001 0.002 —0.009
PDF 0.001 0.001 - 0.003
Unfolding 0.002 0.001 — 0.004
Total 0.006 0.007 — 0.022




v ANL lunch seminar v

S (qye) =

A(qye) =

Asym (full phase space)

values in the ditferent bins weighted
by the fraction of events in these

bins,

A, Chapelain, 2014,02 ,1
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