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Top-Antitop Charge Asymmetry

e At NLO, QCD predicts an asymmetry for t1 produced via qq initial state
- the top quark is predicted to be emitted preferably in the direction of the incoming quark
- the exchange of new particles like Z' or axigluon could modify it
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e similar phenomena in QED observed in the 80s in ee — uu events
- even without Z (Vs = 35 GeV « M)
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Charge Asymmetry Observables

e same process leads to different observables at the Tevatron and the LHC

- p/pbar vs p/p collisions
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Al = Nt(Y; >0) — Nt()’t_ <0) central-forward asymmetry
trame i Ne(y: > 0) + Ne(y; <0) possible observables:
ppbar, ttbar rest frame A N(AlY| > 0) = N(AlY| < 0) smaller at LHC since
i _ N(Ay >0)— N(Ay <0) €7 N(AIY| > 0) + N(A]Y| < 0) low gq fraction
F5B = N(Ay > 0) + N(Ay < 0) AlY| = |Y,] = Y4 or Alnl=[n/=n{
Lorentz invariant Ay = Yt — Yz also A )’2:}’?_}’?:(}’,_}’{))(( y,+ Y':‘) ~ Tevatron variable boosted

ttbar .
same as AP e, in the ttbar rest frame
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SM Predictions

in addition to the leading QCD contributions (kuhn, Rodrigo, arXiv:hep-ph/9807420):

- mixed QCD-EWK corrections (Bernreuther, Si, arXiv:1003.3926, Hollik, Pagani, arXiv:1107.2606) : ~ 20 %

- higher-order QCD contributions: soft-gluon resummation : rather small
(Ahrens et al arXiv:1003.5827, arXiv:1106.6051, Kidonakis arXiv:1105.5167)

Tevatron:
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peCJa/;
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NLO

+0.69+0.18
732 0.59-0.19

{0.45+40.13
481 0.39--0.13

NLO+NNLL [Ahrens et. al.’11]

+1.04+0.20
724 0.67-0.27

+0.20+40.17
488 0.23--0.18

NNLOapprox [Kidonakis '11]

5.2:99
EW'/NLO' (x = m,) [Bernreuther, Si '10] 0.05 0.04
EW/NLO (u = m,) [Hollik, Pagani '10] 0.22 0.22
AL [%] M, < 450 GeV | M,; > 450 GeV
NLO 5.3 s 10.655:05
NLO-+NNLL [Ahrens et al] T Thir 11.1° 11% 030
EW/NLO (p = m) [Hollik et al] - 0.23

LHC: Ac -l 1 o/o

small effect

in QCD

- powerful test of QCD + sensitive probe of new physics
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Event Selection

lepton+jets channel mainly

- exactly one lepton (pt>20-30 GeV)

- at least 4 jets (pt>20-30 GeV) | n | < 2.0-2.5, at least 1 b-tag
- additional cuts: MET > 20-35 GeV + cut on mt(W)

CDF also in the dilepton channel

- 2 leptons with pt > 20 GeV 3 020 Cus pre
-2 jetspt>156eV, |n| <25 = of
- MET > 20-50 GeV, Ht > 200 GeV £ o o
background estimation in the I+jets channel Bl
- QCD data-driven: 0.05 f e
* matrix method : N“““=N_ 0"+ N N =€ o) Nrear' +€gake N e 05 o e
* fit the MET distribution at low MET (+ My;;) ¥ [GeV]
- W+jets: shape from MC, normalization from data:
* fit together with asymmetry .4
* from difference between positive D*/negative D™ leptonsin N, + N, = rm—l (D'-D")
data (2jet pretag) e T
* fit the MET distribution + M;;; together with QCD G = S

I+jets yields:
- Tevatron: CDF: 5.3 fb!, DO 5.4 fb! (published or submitted)
~ 1500 selected events, 22-29 % background
- LHC: Atlas 0.7 fb!, CMS: 1.1 fb! (preliminary results for the summer 2011 conferences)
~ 7500-12000 selected events, ~ 20 % background
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- X° test or likelihood to assign the right combination

ttbar Reconstruction

need to reconstruct the full event kinematics to compute Ay

* accounting for experimental resolution

* b-tag: additional constraint
* Mw and M;: fixed to their world average values within their width
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Raw (Detector Level) Asymmetry
e subtract (fit) estimated background:

PRD83, 112003 (2011)
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100:__._ S. Frixione and B.R. Webber,
+ 3 JHEP 06, 029 (2002)
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Raw Asymmetry | Predictions (MC@NLO)
CDF | A%, =75+3.7% 2.4 +0.5% difference with

DO At =92+ 3.7% 2.4 +0.7% MC@NLO: 1.4-19 ¢
CMS | AZ" = —0.4 £ 0.9% -

e can't directly compare due to different acceptance cuts and detector effects
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Unfolding

Correct for acceptance and resolution effects

different techniques:

- CDF: 4-bin unfolding fiparton = A 'S (lgata — Tibkg)
A: acceptance matrix
S: migration matrix

- DO: 50-> 26 bin regularized unfolding (TUnfold)
regularization strength evaluated using ensemble testing

DO response matrix

D@, 5.4 fb™

(&)

L]

Reconstructed Ay

.
—

- Atlas: iterative Bayesian unfolding
regularization through iteration 2

0.1

0.05
- CMS: reqularized unfolding based on generalized matrix g L — o
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Unfolded Asymmetry

3 PR e N S S e o
® r'QSUH'S C(ffer' UnfOIdlng g 25; ATLAS Preliminary e+ >4 jets (b tag)
w - Jr=070 '
20 =\ A
| .
Forward-Backward Top Asymmetry, % o 3 22
Production Level |
10 = s g
CDF, 5.3fb™ 15.8+7.2+1.7 s s .
055 10 S
H B Y, - Y|
D@, 5.4fb" 19.646.0°)%
p——— g 7l
- ‘JHE'P 061. 029 (2(‘)02) ‘ o g‘ 0. 35 A o= -0.016 + 0.030 %
0 10 20 30 E 0.3 1sjets L_‘a
© 025! W
02! . §
0.15!
Unfolded Asymmetry Predictions 0
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Statistically limited at the Tevatron
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Mass Dependence

new physics contribution would change the dependency of the asymmetry vs Miibar
(to have large effects on the asymmetry, often interference between NP and SM at tree level)

0,18 [rr ey ppy—)
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_ e )
results as a function of Miibar
. (1Y) Sy p———
- Tevatron: 2 bins (M+tbar = 450 GeV) T
* reconstruction/detector level: o l
CDF sees a dependency (~ 3 o0), DO doesn't .
450 GeV/c? M,
* CDF also unfolded vs Mttbar
Az * ljets ljets (M7 > 450 GeV) 3:3 0.15 ?.:')qgsfgr’e;itr:i;ir; TeV
unfolded data 0.158 = 0.074 (0.475 :t().114) @ o
SM prediction (MCFM)  0.058 =+ 0.009 0.088 + 0.013 S o
. 0.05
3.4 o difference . |
- CMS. -0.05
* reconstruction level (not unfolded): e
-0.15

agree with the SM
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Leptonic Asymmetries

e CDF measures the asymmetry in the dilepton channel

A of the Top Quark

July 2011

J N donsn
PROGS 011504 (2014)

- dilepton final state more challenging to reconstruct ClyAveas s
. . . ] W Mok and D. Pagan (* preliminary)
- ttbar asymmetry using dilepton events (comparable to I+jets): 5.1 fb! w0107 208 0
reconstructed level
AR roliming . COF LJ - 0.158 + 0,074 (0072 0017)
5 : lie = . CDF "J‘PL o:'“:‘" o 60 - YiosYiew IN LAb COF |} P:::i:n:t::y L :)4 32 ? 4
s @ +er+ E @ ...
= 4 F W 40/ Bree
..... oy
40 +H_ *‘+ [ + W COF DIL* —_——
- : D420+ 0,158 (0150 + 0050
20. ‘.ﬁ i— 20 (5.107)
T 02 1 0 1 S SR GW’ T i

A'H'bar': Afb = 0.42 + (0.15)‘““ + (0.05)8y8t

Ay{z’
~ 2.3 0from the SM

0.2 0.6

ASE0 GV = 0,104 % 0.066(stat.) (Pred. : 0.003 4 0.031) 04 02 0 0.4
AZ150 GeV' (912 4+ 0.096(stat.) (Pred.: — 0.040 % 0.055) o
e DO measures the lepton based asymmetry in the lepton+jets channel
- lepton based asymmetry (diluted but less sensible to unfolding) TR
Al — N(qy > 0) = N(quy <0) 2 ma {00500 |
N(qy: > 0) + N(qy <0) M b —bdpens
of- ©® Data
Arg (%) :
Reconstruction level Production level :
Data 142+ 3.8 15.2+4.0
MCGNLO 0.840.6 21+01 >3 0

-1.5 -1
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Modeling of the ttbar Pt

correlation of Arg with pt of the top pair
- different predictions depending on the MC and tunes
- systematics on the measurement conservatively estimated by turning off the dependency at DO
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Need better understanding of the predictions and dedicate measurements of the top pair pt

Frédéric Déliot, GDR Terascale, Marseille, 11-OCT-2011 12



New Physics Scenarii

can be classified according to the channel through which the new particle interacts
- s-channel:
* color-octet vector (axigluons):
constraints from FCNC, total +tbar cross section and dijet production at LHC
- T-channel:
* color-singlet vectors (Z', W'): large couplings to have a positive asymmetry
constraints from total t+tbar cross section, same sign top production at LHC for Z
* color-singlet scalar doublet (®)

- u-channel:
* color-triplet/sextet scalar (w*,0%):

constraints from same sign top production at LHC for Q*

from experimental constraints
- SM ttbar cross section + large asymmetry at large Miibar at the Tevatron + small asymmetry at the
LHC: might favor axigluon and scalar doublet (Aguilar-Saavedra, Perez-Victoria, arXiv:1107.0841)

but what about the constraints from the leptonic asymmetries ?
- both CDF dilepton channel and DO lepton+jets lepton-based asymmetries
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Summary

several asymmetry has been measured Kuhn, Rodrigo, arXiv:1109.6830
- both at the Tevatron and the LHC A; DO 0.9fb"
- inclusive asymmetry ~ 2 o from the SM at the gg ‘5*-2 :2 : | |
Tevatron DO (m, ;<450 GeV) 5.4 fb '
two measurements > 3 o DO (m,;>450 GeV) 5.4 fb
DO (JAy|<1) 5.4 fb "
- CDF I+je‘rs Attbar TOr Mitbar > 450 GeV DO (lay|>1) 5.4 fb ™ ‘
- DO lepton based asymmetry on the |+jets channel 1
L A; CDF 1.9 fb

LHC measurements not yet sensitive at a CDF 5.1 b~ (dilepton) =
potentiel Tevatron excess CDF 5.3 fb™ | |

. . CDF (m,;<450 GeV) 5.3 fb
numerous hew physics scenario could play a oDF Em:;}450 Gevi A |
role CDF (lAy|<1) 5.3 fb ™" L
- heed to be compatible with the inclusive cross CDF (lay[>1) 5.3 fb ™"

section measurements

1
- eager to have a measurement of the Mttbar Ao ggi ;2 :E i
spectrum at LHC PRL 102, 222003 (2009) cov 1 proviss CDF 5.3 fb "
@ CDF (m,;< 450 GeV) 5.3 fb
_— [ M Unceanies CDF (m,;> 450 GeV) 5.3 fb
L ® o cOFiDaaLa27m
3 -
& 1 e Al CMS 1.09 fb
S r— A% CMS 1.09 fo '
T ——— AL ATLAS 0.7 fb™" gq‘mumm%
~1 1 2 3
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Perspectives

e Only half of the Tevatron data has been analyzed so far

—prrerm—— 30-SEP-11: turning of f of the Tevatron after 28 years

e [T [LLLLTILTT]
10 — Deolivered ' Y

100 l — Recorded nul//
o A

w Run Il Integrated Luminosity

Y

V4

—
—

00 iy —

“ 0‘&“‘ o“ Q\ﬁ\\ ﬁ‘w\" Q\Q\ Q‘ w‘q\ q“ »\0:\0;‘“\(»\" 9\ o\ 9"- N Q\ .‘ o™,

. ] i — I -
e LHC will deliver ~5 fb ! of data before the o GE— ATLAS Online Luminosity Vs=7 Tev —%
q — » , 4
winter break z 55 B LHC Delivered ]
g =[] ATLAS Recorded |
g 4@ Total Delivered: 4.63 fb”
= - Total Recorded: 4.34 b -
@ n t
© 3 -
Stay tuned ! 5 ;
= 2# =
5 :
S .
. r
u a
0+ 5 x
01/03 26/04 21/06 16/08 11/10

Day in 2011
Frédéric Déliot, GDR Terascale, Marseille, 11-OCT-2011 15



Backup
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oF Systemaftics

effect SAPP A" SyS. -
. Absolute uncertainty * (%)

background magnitude 0.015 0.011 )

ba ckgroun d shaie 0.014 0.007 bb:c‘ckkgr omild I§‘IJL (?6001514 DO Rt?cqnstructlon level Prod. level

ISR/FSR 0.010 0.001 groun . Source Prediction Measurement Measurement

JES 0.003 0.007 JES 0.0070 Jet reco +0.3 +0.5 +1.0

PDF 0.005 0.005 PDF 0.0047 JES/JER +0.5 ~0.5 ~1.3

color reconnection 0.001 0.004 _ Signal model 0.0092 Signal modeling £0.3 £0.5 +0.3/-1.6

LO MC generator 0.005 0.005 b tagging - +0.1 +0.1

total 0.024 0.017 Charge ID - +0.1 +0.2/-0.1

: Bg subtraction - +0.1 +0.8/-0.7

ﬂ—f 1as Electron channel | Muon channel Unfolding Bias - - +1.1/-1.0

Source of systematic uncertainty AAc Total +0.7/-0.5 +0.8/-0.9 +1.8/—-2.6

Signal and background modelling

it generator 0.0243 0.0100

Parton shower/fragmentation 0.0108 0.0079

ISR/FSR 0.0074 0.0074

PDF uncertaint 0.0008 0.0008

Top mass ’ 0.0059 0.0059 _GM_S AZ‘ A-Z,

?vsl;;o;::;ﬁ::;on g%gi g%g Source of S_\'stenmt‘iuj — Variation <+ Variation | — Variation -+ Variation

Wjets shape 0.0043 0.0043 JES —0.003 0.000 —0.007 0.000

Z+jets normalisation 0.0002 0.0002 JER —0.002 0.000 —0.001 0.001

Z+jets shape 0.0010 0.0010 Q2 scale —0.014 0.000 —0.013 +0.003

Single Top normalisation 0.0002 0.0002 ISR/FSR —0.006 +0.003 0.000 +0.024

a‘(‘;"sﬁ "I‘c";‘z“;‘”‘m 03’3349; 06"%; Matching threshold | —0.006 0.000 —0.013 +0.006

e Jellice : : PDE | —0.001 +0.001 —0.001 +0.001

Muon efficiencies (n.a.) 0.0002 b tagging —0.001 +0.003 0.000 0.001

Muon momentum scale and resolution 0.0004 0.0004 Lepton ID/sel. efficiency —0.002 +0.004 —0.002 0.003

Electron efficiencies 0.0004 (na.) QCD model —0.008 +0.008 —0.006 +0.006

Electron energy scale and resolution 0.0004 0.0004 Pileup —0.002 +0.002 0.000 0.000

;f:?@ﬁ;:““"“mmn oo oy Overall | —0.019 0010 | —0.021 +0.026

Jet energy resolution 0.0105 0.0040

Jet reconstruction efficiency 0.0003 0.0003

b-tagging scale factors 0.0038 0.0038

Charge asymmetry in b-tagging efficiency 0.0007 0.0007

Calorimeter readout 0.0015 0.0029

Combined uncertainty 0.032 0.022
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Number of New Physics Publications About the ttbar Asymmetry
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~ 80 dedicated papers this year
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