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o0 Theoretical framework :
Charge conjugation symmetry

Forward-backward asymmetry

0 Analysis strategies in top pair events :

2 measurements from CDF, 1 from DJ

CDF / D@ comparison (?)




C symmetry @ pp collider

At the Tevatron : top pair production involves ~ 85 % qq and 15 % gg

pp initial state : not eigenstate for charge conjugation C
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Even if the strong interaction is assumed to respect the m
charge conjugation symmetry C , the final state not ‘7,0. ?
expected to be symmetric under C ;
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Forward-backward asymmetry

t
o
/a Polar angle between top quark and beam axis
P: / <4—p, in the (g,q) rest frame or in the lab frame
1 Assuming CP symmetry

Ni(cos o) — Ni(cos a) l Ni(cosa) — N¢(—cos )

A(cosa) = — - = — - 0
( ) Ni(cosa) + Ni(cosar)  Ni(cosa) + Ni(—cosa)
~ ' — ~ ~ —
Charge asymmetry Forward-backward asymmetry
/T otal asymmetry :integrated over o N]c — Nb \
(not enough data for a differential measurement) Afb —
N, + N,

ﬂForward” event:cos a>0
Parton rest frame : Ay =Y, — Y; 2 0
\Lab frame : Y, >0

N; : number of “forward” events

N, : number of “backward” events




Theoretical framework

Each single diagram gives a charge symmetric production

strong interaction indifferent to electric charge
At LO, differential cross-section symmetric under the exchange t <> t

At NLO, asymmetry appears through interferences in qq diagrams between

____________________________________________

/ ISR / FSR / Born amplltude / Box dlagram

\ Negative contribution to Aﬂo “>5 jets”} Positive contribution to Ay {“4 jets”}
; Recent A calculation for tt+g " Split measurements
- ~(0-2)% @ NLO (~a") vs —(9-10)% @ LO (~05°) | | petween 4 and 2 5 jets

Dittmaier et al.
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The |+jets final state

Top Pair Branching Fractions

"alljets" 44%

Asymmetry probed in top pair production,
In the lepton + jets decay mode

T+ets 15%
+jets 15%
ok e+jets 15%
"dileptons" "lepton+jets™ )

1 high p; isolated lepton

Kinematics : minimize

f* same sign as top guark
\ ..
Missing E;
b 5 beiet Main backgrounds
> JetS W-+jets , QCD
q\": . . :1
. 2 light jets
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Analysis strategy

Select top pair events

estimate signal / background composition
Reconstruct the full event kinematics, and compute the asymmetry

either in the parton rest frame ( Ay ) , or the lab frame (y, )

The raw measurement is the A visible within detector acceptance ,
distorted by reconstruction effects

Estimate biases, and “deal with them” :

0 D@ provides a raw Ay , uncorrected for dilution (next slide)

generator predictions must be “folded” with the parameterized
detector effects to be compared with D@ observations

Difficult to
compare
D@ and CDF
results

o both CDF analyses “unfold” A, from reconstruction effects
only one result is corrected back to particle-level (acceptance)




D@ analysis (0.9 fb1)

’, Acceptance

the integrated asymmetry strongly depends on

g 0.1p P ————— ‘
the phase space being probed : <°-°8§"; T ‘MC@NLO:
0.06 | — ’ RO 4
> jet p; cut, number of jets 0.0 t
0.02—
» NO acceptance correction back to particle e
level (MC@NLO # “truth”) 2;’2’:

Analysis designed so that simple approximation R . NN
\_On acceptance cuts works ! Y
a )

Dilution [‘forward” event: Ay =Yy, —y. > Oj

how well is measured the asymmetry at
reconstructed level ?

If the sign of Ay is correctly reconstructed for a
fraction p of tt candidates, the fraction of visible
asymmetry is .

\_ D=2p-1

wrong lepton charge ( =top charge ) or

Dilution

0.95
0.8FE
0.7E
0.6E
0.5E
0.4E
0.3E
0.2F
0.1

wrong kinematics dilute A ¢

E D@, 0.9 fb™

[ tt Pythia ]




Predicted asymmetry

Now that the accessible phase space and the geometric dilution are described,
the “raw asymmetry” predicted by MC@NLO is :

A?EM — / Jflﬂ; (|Aygen|) P (|Aygen|) f (|Aygen|) d|Aygen|

0 /4
particle-level Ay, (MC@NLO here) probability density within

geometrical acceptance

MC@NLO predictions (or ANY model) can be compared to A, observed in data

Fitting procedure for A, measurement in data :

Likelihood discriminant built to separate tt from W-+jets

intrinsic A, reduced when reconstructed with tt kinematics

QCD : from data, same selection as tt, but fail tight lepton 1D




Asymmetry extraction

Extract both asymmetry and data sample composition with a maximum likelihood fit

Likelihood discriminant templates for : forward signal, backward signal, W+jets, QCD

0 20F : . 20 -
o Il 149+20 Top pairs D@, 0.9 fb™ .4 I 118+20 Top pairs D@, 0.9 fb™
o 18 . ’ > y M
S .oF [ 36+11 W+ets Ay>0 S 185 33+10 Weets Ay<0
2 'Ot I 21t 3 Multijet 2 165 e 19+ 3 Multijet
c 14 c 14 °
& "« 206Daa || 1] g - 170 Data
L 12:_ | | | e o |o lﬁ 12 |
105 || | || | 10 |
ZE_ 1 ® ® |o. 8 | - *
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4t 45| | l' |
2h HW
= e - e gy =
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>4 jets A, =12+ gstat)+ [syst) % A, = 0.& O.pstat)+ (laccep)
=4 jets A, =19+ Ystat)+ Asyst) % A, = 2.3 O0.pstat)+ (laccep) ¥
>5 jets A, =-167;(stat)+ Jsyst) % A, =-4.% 0.4stat)+ (laccep) ¢
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iJ Beyond A, measurement

Test of perturbative QCD calculation

« Asymmetry sensitive to new physics :

tt production via a massive gauge boson Z’
“lepto-phobic” Z’ scenario, predicting V-A left-handed decays
\ — CP-asymmetric Z’ decay = large positive asymmetry /

~

r
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D@, 0.9 fb™
R excluded region
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Z’ mass [GeV]

| | | | | | | | | | | | | | | | | | |
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Put limits on the fraction f of top pairs
produced viaa Z’

Complementary to direct Z' searches
(sensitive to a wide resonance)

Heavy axigluon can predict Ay, < 0 due
to {qq — g —tt interference

qq — A —tt

| | |
1000

[ arxiv:0709.1652 | |




Same observable (Ay) , different strategy

CDF : analysis I (1.9 fb- 1)

me

D@

CDF (analysis I)

Predicted A,

MC@NLO in visible phase space

Detector Fold MC@NLO prediction with Unfold data distribution from
effects dilution when JdAy smearing and reconstruction
Background Included in maximum Subtracted from data distribution

likelihood fit
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Correcting the raw Ag,

Backgrounds dilute Ay, and can bias the measurement if they intrinsically contain
an asymmetry (EW : parity violating)

Background contribution subtracted bin per bin from the raw Ay.Q, data distribution

ATbg sub , . . CDF Il Preliminary L=1.9fb"
:\]E_) , ;511 512 513 514 €11 0 0 0 4"1\"1 _.2 i

AT g S ¥ ¥ NT [ -8 Corrected CDF Data

N, _ | S21 S22 Szz S | 0 ez 0 0 | [ N S L @uconone

NS S31 S32 S33 Sz 0 0 ez 0 N3 B R —

,?\.TE'Q sub 541 542 54:3 544 0 0 0 €44 f\"r4

100

Erel

[1J; J U S I T T — ——

-2 0

: _
e @ iy ’\ syea

Smearing : event generated in a given Different relative reconstruction

Ay.Q, bin migrate to a different bin after efficiencies within Ay.Q, bins
reconstruction
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entries

Corrected Ag,

CDF Il Preliminary L=1.9fb™ CDF Il Preliminary L=1.9fb™ CDF Il Preliminary L=1.9fb™
o o 4of
B - CDF Data MC asymmetry: .Q 1 00 - CDF Data MC asymmetry: .Q — -@ CDF Data MC asymmetry:
| — MC@NLO + bkg — A=5% .'l._.. = MC@NLO + bkg — A=5% -I‘-' : — MC@NLO + bkg — A=5%
= = rew. Pythia + bkg - - A24% | == rew. Pythia + bkg .- A=24% = = rew. Pythia + bkg - - A=24%
- A 5 I 4 14 5 [ Wty
100 ML | Il L]
non-W bkg = non-W bkg 30 — non-W bkg
L I EW bkg . I EW bkg _ - B EW bkg
Wlight N]etsz 4 Wolight T, N]et3_4 i W-ight N]ets2 5
[l W-+charm . I W+charm - [l W-+charm

L W+bb o W+bb o W+bb

50 20f
50
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-4 -2 0 2 4 -4 -2 0 2 4 -4 -2 0 2 4
Aye Q, Aye Q, Aye Q,

The Ay corrected for reconstruction effects, measured within detector acceptance
in the inclusive = 4 jets bin, is

ABVQL = 0244 0.13 (stat.) £ 0.04(syst) | | gons oor

High asymmetry in both 4t exclusive and 5™ inclusive jet bins,
14

difficult to interpret in terms of tt vs ttg contributions



Productlon Angle Dlstrlbutlon ( MC@NLO )
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T - — Data 1
I & (5.7pb) ]
100 [l Backgrounds —
- An™®=0.089 £ 0.045 8
80| ALE'® = 00012 £0.013
A8 = 0,05+ 0.0079

+

0-1 -08 -06 -04 -02 0 0.2 04 06 08 1
CDF Run Il Preliminar
Y -Q,-Cos ©

1

CDF : analysis IT (1.9 fb-} ‘ Do m-e

©=tan* [&j
P,

top quark production angle defined as :

Corresponding definition of Ay, :

N(—(Qg_)-C-‘O.S((E))>0 — N(—Qg)-COS(@)(O

Afb =

-

N(—Qg_)-Co.s((%))>0 + N(—(Q;)-Cos((%))<0

/

® : angle of hadronic decay of the top quark

( more accurate reconstruction )

% =0.099+ 0.04
©=0.003t 0.01

After reconstruction
Before bkg sub.
Before acceptance correction
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Corrected A; measurement

Acceptance
\ R B Ng® matrix
LVcorrected — 4 o " LVYbkg—sub o = —
T \ 0 Ngene
\ smearing _ °
Unfolded from t A= &
acceptance and acceptance E
2
53

reconstruction
Invert A = “probe all phase space ”

Production Angle Distribution (L = 1.9 fb™")

0
g [
g 1201 AL 2 0 47 +0.07%% + 0,047 7
TR ‘ |
B —— Data __ / \
i [ A% =0.099 £ 0.045

£b
AR =013 4 0.06

100 -
L B 1t (8.2pb)
[l Backgrounds

[After correction}

+

20 higher than theory

0.04 £0.01
.
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Summary

D@ and CDF measurements of the forward-backward asymmetry A in top pair
production have been presented, testing perturbative QCD predictions @ NLO

Ao sensit

Integrated A, strongly depends on the probed phase space new physics

=4jets vs =25jets

Results for 2 4 jets
/ DY (o 9 fbl) - \
(

=12+ §(stat) + I syst) % p MO =0.8+ 0.7 stat) £ 1.Qsyst) ¥

CDF (1.9 fb'1) analysis | :
A, =24+ 13 stat) £ 4 syst) % hCONO = 4-7%

CDF (1.9 fb-1) analysis Il :

A, =17+ 7(stat) + 4(syst) % N ROdN90 = 4+ 10
K b b /

Still consistent with SM expectations, for now...



Backup



@ CDF and Dg detectors Dy

n=0 n=1_,
" Muon Scintiltors.
B 4
5 | Muon Chambers
[
i : | I | R |
o =
,5 —
N NN TN (NN (NN AN AN SN NN NN NN N (NN (NN (NN SO S NN N NN N

-10 -5 0 5 10
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Luminosity (/fb)

Tevatron

w Run Il Integrated Luminosity 19 April 2002 - 23 March 2003

L
[==]
3

=Delivered

==Reacorded
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Kinematics reconstruction

General approach for I+jets :

Minimize a y?, trying different jet-to-parton assignments, with constrains on

reconstructed W masses and top masses

Can make use of b-tagging information to reduce the number of combinations

/ r One example :

~

0

w- W
0 _ o TE meas TE, fity:
o T S e O S e i
. X = i=l,jets o2 T J=.y ﬁf
q F {_-'Tllfj_-j __;UW,}Q {_-ﬂlfg .—_Mw}'z (_-Flfbj_}' —_-'T'lffz'tjz {-'?lfbh-'_—'?lff%'tjz
o S Gl g Bl g e

/
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‘ Reconstructed Top Production Angle In Background (L=1.9 fb™)

ez = -0.15+ 0.091
= 0.066 2 0.044
= 0.14 4 0.042
=028+ 0.02

A
A
A
A
Ay =-0.045%0.014
A
A
A

= =0.044 + 0.0081
= -0.087 £ 0.0052
1 = -0.0028 + 0.0038

Bkg sub.

)

Bkg subtracted
from the —Q,.cos

data distribution

o

AT _ a4—1 —1 A7
N corrected — A -5 - N bkg—sub

Corrections to raw Ag,

~ Acceptance

-

A = ¢ ( after selection / generator-level )

— Invert A = “probe all phase space”

~

J

) ; A;‘:f‘“'f Bkg — _0.05 +0.01
04 08060402 O 02 04 d
\ .CDF;ur:IIPr.elir;ﬁnar—y o ’ ’ --QI--COSG) j
e Smearing
700 7 lewe e
soo- | Ag=0.30 J
[ iz i Most events
500 ¢ i E .
unlikely to cross the
Ot forward/backward
300 | limit

200 |

100 [

|
B B
=
o e

K0-1 08 -06 0402 0 02 04 06 08 1

Why a 4x4 matrix ?

Smearing matrix derived with symmetric MC

— relatively more events in bin | |

l.e. larger smearing effects

Choose a “fine binning” not to overestimate

corrections
A’}Egue 2x2 Ax4 10x10
0.3 [0.35 &£ 0.01]0.31+0.01[0.31 4+0.01
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