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Tevatron Run Il

Chlg__ago

T P 1

Tevatron
- Proton-antiproton collisions at Vs = 1.96 TeV

© Shutdown on Sep. 30, 2011
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= Final dataset: ~10 fb-! for physics
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The CDF Il Detector

Silicon Tracking
Detectors

Central Drift

Chambers (COT)

. Solenoid Coil
EM
Calorimeter

Hadronic
Calorimeter

Muon Scintillator

Counters

Steel Shielding n=-— 1og(tan(9/2))

= Silicon vertex detector (1+5+2 layers)
= Central drift chamber (8 super layers)
© 1.4T solenoid

= Good particle identification (K,r)

= Central/Wall/Plug calorimeters

= Scintillator+drift chamber muon detectors
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Categorize tt events into 3 decay types according to W decay mode
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tt £ RIZEHT5HSpin Correlation

« Top and anti-top spins are correlated at production ( ‘
 In different ways at Tevatron and LHC o
« Top quark spin at the production can be measured
» decays before losing polarization
« decays via V-A interaction (charged lepton has 100% information on top spin)
« Spin correlation can be measured as angular correlations of decay
products: do o« 1 — Ccosf,cosb_

J=1,],==%1 t

] — O, ]Z = (0 t
/ near threshold /

q r 4 q g . g
—C e Qe — weeay «RU TR
% qg annihilation ] gg fusion
/ t  Dominating@Tevatron »" t Dominating@LHC

], = 0L [ helicity conservation

« Experimental verification of
top decaying before losing polarization
« Sensitive to anomalous coupling at tt production
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tt MC (x = 1.0)

tt MC (k. = —1.0)

background

Expected (cosf,, cosb_), (cosh,, coslj),

distributions

Sig. Fit (cosh,, cosh,)

Sig. Fit {cosf,, cosf.)
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x measurement result (5.1fb )

Observed (coss,, cosd ) I Ldt=5.110" Observed (cosa, nnsﬁu}

I Lat=5110"
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{th ) EEXTDspin correlation ;8IE

c ] o) ]
§m 140 ] —— Data D@, L=5.3 b’ § 100__ —_ Data DQ, L=5.4 fb-1
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tt Forward Backward Asymmetry

Backward Forward F — B

Ag = ——
/t = F¥B
p_)e D Ficos0; >0~ Ay, =y, —yr >0
_/ B:cosO; <0 = Ay, <0

tt rest frame Ay, Invariant for a boost along beam dir.

NLO prediction: Ag, = 0.06 + 0.01

2
LO and NLO: positive asym.

q

q 3

N ¢ b |? ISR - negat

q + and FSR: negative asym.
q t

| M|?




f+jets results (8.7fb1)

Aye =yt — ¥t
Ara¥(data)= 0.066%0.020 AWttt MC + bkg)=0.026
CDF Run Il Preliminary L = 8.7 fb™
ot [ —— I+Jets Data
o 1000 A =0.066 + 0.02
-~ - NLO (QCD + EW) tf + Bk
i - A B=(EO25+ L
£ 800 | s BEY
g i A_, = -0.0066 tt signal MC
L =
600 |- / Fotinag (BIHORAS)
400 [~ —— R
200 |-
0-3 -2 2 3
Ay
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 Reconstructed Ay, distributions for reconstructed M, < or > 450 GeV

. AW(MTEC <450GeV) = 0.021 + 0.025
. Araw(MIeC >450GeV) = 0.160 + 0.034

o
o
o

600

Events / 0.5

400

200

f+jets results (8.7fb1)

& AW(tE MC + bkg)=0.016
&AWt MC + bkg)=0.044

CDF Run Il Preliminary L = 8.7 fb” CDF Run Il Preliminary L = 8.7 fb™

- o -
- kJeESODoa,‘,t?+ 0.025 M, < 450 GeV/c? S == kJeisong NN M, > 450 GeVi/c?
NLO  (QCD + EW) tf + Bkg % 200F ™ ;\I\LO (CD + EW) tf + Bkg
-— mm Bkg ’ € - e Bk
A= 0.0081 M7 < 450 GeY ¢ - A= -0.04 M;F¢ > 450 GeV
— w 150 ' | | |
100 | —+ |
I —— == -
N 50 —+
I - t
. | | |
- - ' 0
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¢+jets results (8.7fb1) __

Unfolding technique O T
NObS Ry; - Ripm][A1 Nfruth 83 [ An-oose | 4
o Il A : N b
Nobs R,y * Runm A || Ntruth 1_ — N
= Ntruth— g=1p-lpobs . |
:ﬁh l | | I I I

Ayt = 0.162 & 0.041 £ 0.022

Parton Level Ay

Parton-level asymmetry as functions of Ay, and M,;

CDF Run Il Preliminary L = 8.7 fb™ CDF Run Il Preliminary L = 8.7 fb"
o F —— I+Jets Data £ (.5 F —— I+Jets Data
< [ oy, = (15+ 4.5)x 102 < u oy, = (8.9%2.6)x 10°
03F — NLo (an + EW) i + Bkg f — NLO (QCD + EW) tf + Bkg
[ = 5.1x 102 0.4F 0y = 2.8 % 10°
0.21- 0.3 :

0.1F :
0 -

0 02 04 06 08 1 12 14 16 18 2 = L L L L . L .
Ay 350 400 450 500 550 600 650 700 750

t M, GeV/c?
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dilepton results (5.1fbt)

4 2V
Aye =Ye = ye & Ay =g+ —1p- _
m Lt T o+—0, IR T OF—O5 < 2
> An, Ay, [ZHEES _
A"™%(An,) = 0.14 + 0.05
& Araw(tt MC+bkg) = -0.02 + 0.02
AW (Ay,) = 0.14 + 0.054.¢ T2 0 2

& AWt MC+bkg) = -0.02 + 0.02

v.s. A 2P .

CDF Il Preliminary
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dilepton results (5.1fb-1)

tt Pythia MC with event-by-event weight of (1+aAy,""¢) to
iImplement non-zero asymmetry into MC

nghted by 1+a A y:' ue

MC
e GDFIL A p V-S. A . for weighted tt MC
@ 40_ AL 02265 U005 : CDF”FFE:?'HW o ;g
c C @001 0.005 : -« > B L : - CDFIPr eliminary
@ -_ .......... ),225:5.0.00 £l - —«=00 < 05 ' '
> 30 : : —a= 07 -
C : : - o) .
L . | ? | g i
- _________________________________ _________________________________ _________________ E o
C 3 i
10:_ _____________ ________________________________ _________________________________ e b :
n ? 0.5
OF =i i
-2 0 2 =
Reconstructed A y,

Expected A
m Extract Ararton from Asubt

ASUPt = 0214 0.075,; = APAON = 0.42 4 0.154,

(AParon = 0,42 + 0,15, + 0.05

syst..
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Events
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150

100
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Aq, at DY

D@ L=5.4 fh —— Data

T T DQ, 5.4 b 15{':_ _:
[ We+jets i i
B M:Itijet i (d) B ]
e Data 2 100k [l Background
o | ]
= N _
LLJ - ]
~ {]_ -
Ay AN
Unfolded asymmetry from Ay, « Unfolded asymmetry from An,
distribution distribution

Ag, = 0.196 4+ 0.0601-238

Ag, = 0.053 £0.079 £ 0.029

« Unfolded asymmetry from Q - n, distribution

AL = 0.152 + 0.040 Af, = 0.058 + 0.053 + 0.013

e

combined | A% = 0.118 +0.032 <« prediction: 0.047 + 0.001
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Summary

Top quarkxt 4 D ¥EHE L, Tevatron ELHCTELS

m ¢t forward-backward asymmetry, tt spin correlation %8 & (&, x4 R D1
BITIKE

= Tevatron CE A% #EHr, LHCTOEER LB

CDF full data Z L 1= tt spin correlation M 24T (dilepton), tt
forward-backward asymmetry (dilepton) D &L, IRTEEFTE

F %g)zp %Iarizationi’é’é“&')T:forward-backward asymmetry® [ K fZBA AV ax

tt forward-backward asymmetry
® CDF ¢+jet: SM&Y 20 level TKRZEE{E, KE7%M,; dependence
= DO {’+Let: SM kY20 level TKZF%E, M, dependenceld, L LACDF
f+jet &
F %BF dilepton: SM&VY 20 level TRKZE7E, B8&E 75 M,; dependencelX R 5
A
= DO dilepton: SM & consistent (A, =0&% consistent)
F I;HC: SM & consistent (A, =0&% consistent), M,; dependencelX R o
gLy
LHCO & #HHERIFICHEPT7/6I=FER? 18



Backup
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dilepton 5.1fb-?

CDF Run Il Prelimi

rlary (5.1107)

Events
- 8 888 &8 8 E &

HT>200+0S

Dilepton candidates (5.1fb1)

Selection

2 lepton (e/u) Ex(pt) > 20 GeV
2 or more jets

pre-tag

Missing Et > 25 GeV

Z veto, Hy, Opposite charge

334 candidates w/ 87117 bkg.

tt signal MC

6+1 unknonwns
* Py, Py : 6 components
* b, b ambiguity

6 constraints - quartic equation
« M(¢*+v)—-> My andc.c.
« M(#*+v+b)—-> M, and c.c.
(ﬁV)x,y = E)ICT’I:)I}SS
P, Py iS solvable, but 8
' solutions in maximum
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Likelihood function w/ jet and MET resolutions

P(ptt), P(p¥), and P(M,;) are obtained from the signal candidates in tZ Pythia MC

Events

P =0.0330347

P,=0.2115T6
P .=0.0696098

500 0 500 0 20 40 60 _ 80 100 400 500 600 700 B
P,(tt) (GeV/c) P (tt) (GeVi/c) M, (GeVic

We choose the best solution of (p,, py, Ep, E5) which gives maximum likelihood in an
event

Py, Byr Ep, E) = P(pLt)P(ps)P(Mz)

1 1 (Ejers — Ep)° 1 1 (Ejerz — E5)°
X exp|—=4— X exp|—=
Ojet1 2 Ojet1 Ojet2 2 Ojet2
i - - 2 i - - 2
1 1(EXM® — (py + Dy)x 1 1 (EJ"SS — (py + Dy)y
X —MET€XP|—5 MET X —MeT€XP|—5 MET
Oy 2 Oy Oy 2 oy
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An, In control sample

CDF Il Preliminary

8O

Events

60
40]

20"

Ojet+OS

« Bkg model is OK

T I.i..m.;.s.m:‘f..

....

« Bkg doesn’t cause a large

positive asymmetry.

.DY
.Z—.’H.’L’

[ WwWiwWZIZZ

An, In control region

CDF Run Il Preliminary (5.1 ib™)
I T |

—e— data
550 Bkgd £ 16 un

certainty E

[ 1ti(c=7.4pb)
[ wwiwzzz
I DY

I Fake

£8388

vents

v

o 8 B B

CDF Il Preliminary

N+ = M- (Nje,=1]'

— Data

[OwwiwZiZz

+0S




Ay, in Z+2jets candidates

Events/0.3

Data/Pred.

Ay, In Z+2jets candidates

Same flavor, OS(e*e™, u*u™) » No MET (Ef"'55<25 GeV)
2 or more jets e M,, In Z mass window
— 76 < M{)f <106 GeV

1000 Z(— ee)+2jets candidates COF Il Preliminary Z(— pp)+2jets candidates CDF Il Preliminary
- : ++++ 1 I« B A g Jrassin
i S R N R SEE o
L . |:|.F'red & C o D.P'@d
500 e e S— g v 200 '+' .................
L - ' =
| == = =) B0 |
— == : —_— Z i ——
o p—rt ; e 0 :_ —1 ; b =
14 B . FEUURT U o S o 14 =0 Lo e e, o
F : : : g - : : :
125 __]_, .............................. ................................... ...... % 12 e + ............... ................................... T
B b g .| 8 g R -
= : — : = _ ; = .
GB:_ o . + ________ _______ 0.8 —- e ......................... ++ .....
uj:_ .................................. .................................. ............ 0.6 E— ......................................................................................
- 2 0 3 2 0 2
‘ﬂ‘yt ‘ﬁyt

Z(— ete™)+2jets Z(— utu)+2jets

Ay, reconstruction doesn'’t introduce a fake asymmetry.
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Dilepton results (5.1fb1)

MtE dependence AW (MFEC < 450GeV) = 0.10 + 0.07gpq

< pred: -0.003 + 0.031
rec
Mtf < or >450GeV AraW(Mtf rec > 450GeV) = 0.21 + O-]-Ostat

< pred: -0.040 + 0.055

Ay, (M; <450 GeV) CDF Il Preliminary Ay, (M; > 450 GeV) CDF Il Preliminary
2 - 5 5 éj‘Ldt=s.1 O T o s ILi:n=511’l:i1 — Data
S 400 et | DI 1 S | @i
= N e = EZ+ 1o error
LLl - WFake Wl . | Il Fake
30 :_ ....................... . 10 Egiu
- - mwwwazizz
20F
: 5
10 :_ L T
|
0 -2 1 0 1 I% 0 -2 1 0 1 I%
Ay, Ay

Caveat
« Based on “Reconstructed M,;;" cut
— Poor resolution, bias toward lower M,z

« Not parton level asymmetries
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