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top at Fermilab

* 14 years ago... ' tafyeek. ..
7 m Run Il Integrated Luminosity [ 19 hpril 2002 - 1 March 2009 |

CDF & DO have >5fb" f ’
/

g Ray/A
i’ ) | Z/:l_//[s.4 b 1}
T 25 yd
: e aan i mma
YN o0 e
...we observed a few SEEEEOON
handfuls of top quarks W& are performing
...and celebrated at detailed studies of
Moriond 1995 ..o dfdbaieagain!
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outline

Thj
» strong production 'S taj %
— cross section : e cOUDHREC

— branching fractions & ™

_* charge

* new physics
— FCNC decays "
— tt resonances
— tb resonances
— Ht

electroweak
production

= [Vl

g

electron



why is the top quark important?

* most massive elementary particle <« :
— dominant contributor to radiative 80605 3
corrections ¢ o
> oC mtop2 S 8050
2 2
W ......... O ......... W = s0.o
< b 80.301 . :
HoO 80.20;; M= __
R e R !
W W m, [GeV]

— how is its mass generated?
 topcolor?

— does it couple to new physics?
* massive G, heavy Z’, H*, ...
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top-antitop production o g

ol
* strong interaction e ® f
- top-antitop pairs (c = 7.6+0.6 pb)
» final state signatures for top-antitop pairs 9 t
t>Wb with B =100% <

—>tagging b-jets important
— W->qq with B =67 %; W>¢v with B =11%
— t2evw/uvv with B =17 %

all jets
t—had+jets 46%
10%
lepton+] dileptons

4% t—had+e/y 6%
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top mass measurement

« template fits

— mass estimator (eg best m,
from kinematic fitter)

— fit probability density functions

from simulated tt events and
background to data

E u?’ +shgnal m =175 GeV
E 1oF. Ibackground |

3/10/2009
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* event-by-event likelihood

— for each event determine
likelihood as a function of m,
(eg by integrating over LO
matrix element)

— extract mass from peak of
joint likelihood

" 180 b : 158 " "o il e
Top Masa [aie’] Gevie’] Top Mass [Seie’]

Event 1 Event 2 Event 3

| D@ Run lib Prelim inary, L=1.2 ib"

m b plon+pel
} § 20 no prioy
- ] alibeated
r
g * i
andipen S
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dilepton channel

DO (1 for1)
matrix Weighting and neutrino Source of uncertainty IE{E{;]’I ]Ehé‘;?i
Welghtmg technlques b fragmentation 0.4 0.4
Compute Welght curve as a function Lnderll}-'lng eventis modeling 0.3 0.5
Extra jets modeling 0.1 0.3
of tOp mass for each event Event generator 0.6 [}.a
template fit to mass distribution - DY varation oz Vo
_ Backeground template shape 0.4 0.3
Combined measurement: Jet energy scale 16 1.2
] o b/light response ratio 0.3 0.6
£ w1l 4 signal m =175 GeV matrix weignting Sample dependent JES 0.4 0.1
% 125_ B background DO Runil Preliminary Jet resolution 0.1 0.2
o +data Muon/track resolution 0.1 0.2
- Electron resolution 0.1 0.2
i Jet identification 0.4 0.5
6 MC corrections 0.2 0.2
i Background vield 0.0 0.1
- Signal shape modeling 0.8 0.8
i: MC calibration 0.1 0.1
oo 120 140 160 180 200 220 240 Total systematic uncertainty 2.1 2.0

M.« GeV
174.714 4(stat)+2.0(syst) GeV
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dilepton channel
.+ DO (2.8 fb")

— compute event weight using LO
matrix element

— Use electron-muon events

— Clean sample, little background

D@ Runll Preliminary, L=1.7fb'[#/= Taare
I I T I T p0  -0.007383+ 0.04575
£ | |rnm=1?5_s:r 3.8 Gevl pl 3700+ 0.07768
' | ] pe 1756+ 0.08381
2
L ]
“.I' 4
I \.\. .'&
I A
L II.-"I
/
1 7
- A L/
A
0
170 175 180
m,,, (GeV)

172.9+3.6(stat)+2.3(syst) GeV

Uncertainty epr Run [Ib [GeV ]
JES up —1.5
JES down +1.8
b quark JES +1.4
jet resolution up —0.7
jet resolution down +0.7
jssr shifting +0.1
muon smearing up —0.0
muon smearing down +0.3
b quark fragmentation +0.3
PDF uncertainty up —0.2
PDF uncertainty down +0.1
fit uncertainty +0.4
signal modeling +0.4
background fraction up —0.1
background fraction down +0.2
TOTAL +a.
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dilepton and lepton+jets channel

« CDF (3.0 fb") dilepton
— neutrino weighting technique

— mT2: transverse mass of the
two missing particle system

(] m_
o
— 2D template fit S
:d..'r 80
o
o p=4 70—
) -
% I Tagged: B2 events :@r 60
U 16 E- 50
= e Data g
. 14p @ 4ol
2 g []signal+Bkgd
g 3o}
2 10 7 Bkad only
[} - 20
B_ &
6- 10,/ e,
: CDF Il Preliminary (3.0 fb™) 2 S
j: ' 0 150
2
] P PP
200 250 ::UU
mT2 (GeV/ic")

i

my,, = 171.8 £ 1.5(stat®jes) + 1.1(syst) GeV
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* Lepton+jets

— 2D template fits for
reconstructed top quark mass
and the jet energy scale

Ea T

COF Il Preliminary (3.0 fb™)

1-tag: 347 events
e Data

D Signal+Bkgd
Bkgd only

- |
300 gﬁﬂ
m*=® (GeV/c")

250

Combined measurement

COF Rus B Prefiminary (3.0 &)

p=value = 0.14

38 2 22 34 28
Symmetrized Error (GeV/c)



lepton+jets

Top mass error

CDF (2.7 fb1) oo (GeV/c?)
Use either the pT spectrum of the WC statistics +0.4
leptons from top quark decays Sobel Pyascele 0.1
P P9 y Local Py scale +1.1
Generate templates for signal as a Generator 1.4
function of the top quark mass and the |IFSR +1.4
background POF +0.6
.. . @ +0.7
method not sensitive to jet energy — —
scale uncertainties. Pileup 10.1
 o0f Fakes +1.8
% - Total 13.0
CDF Run Il Preliminary, 2.7 fb! m— CDF Run Il Preliminary, 2.7 fb
® Data (386 muons) [ _° :::: ;:;—’-n?:tmnsr
E= Igi: Gle\."/cz m:__ H-:Ts;:: 1.3) GeVjc*
S e -l R
M, = 172.1£ 7.9(stat) £3.0(syst) 10

r> - \/




|epton +jets best precision
* matrix element analysis

— integrate over LO matrix element to get likelihood for event as a
function of top quark mass

— In situ jet energy calibration using W—qq decay
— peak of joint likelihood = top quark mass

DF Run Il Preliminary 3.2 fb"
3

[y}

D@ Run lIb Preliminary, L=2.6 fb"

5;? hus M,,= 174.8 1.3 GeV Eﬁ
Eg 1 . <
- - lepton+jets
- 2D with prior
0-3:_ calibrated
_ m, (GeV/c’) “
155 160 165 170 175 130Mw1p3(5Ge‘}}90
CDF: 172.1+ 0.9(stat) +0.7(jes)+1.1(syst) GeV (3.2 fbT)
DO: 173.7+0.8(stat)+1.6(syst®jes) GeV (3.6 fb1)
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Lepton+jets systematics:

* DO

CDF

(GeV)
Source Uncertainty (GeV) Systematic source | Systematic uncertainty (

Higher Order Effects 40.25 Calibration 0.2
[SR/FSR +0.26 MC generator 0.5
Hadronization and UE +0.58 TSR and TSR 03
Color Reconnection 40.50 p ; -
_ : Residual JES 0.5
PDF uncertainty 40.24 TS _
Residual JES uncertainty 4+0.21 -JES 0.4
Relative b/light response +0.81 Lepton Pr 0.2
Sample-dependent JES +0.56 Multiple hadron interactions 0.1
Jet 1D efficiency 40.26 PDFs 0.2
Jet energy resolution +0.32 Background 0.5
Plus a few smaller sys <0.2 Color reconnection 0.4
Total +1.44 Total 1.1
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all jets (CDF) =\ /*

. kinematic fitter .’

— leading 6 jets jet jet

b-jet

« 2-dimensional template fit
— top/W masses with smallest 2

CDF Run Il Preliminary (2.9 by

§ Eﬂ: = 2 tags events m:*'ID
= [
S s0- ~t~ Data
§ | | B Fittea i
Y a0 T I Fitted Bkg
30 :— ¥*MNdof = 20.2 / 22

Prob = 0.569

B
=
T T T T

-
(=]
T T T

(=]
™T T

100 150 200 250

300
> (GeV)

(=]
"
—_

1515 GaV)

=
2

Fraction of Even

=
£

=
]

CDF Run Il Preliminary (2.9 fb™)

)
|E|

Background r|'|:"'l template, 1 tag events

- Background W (statesyst) band

=

o014
]

L
F0.12
5

tf m™ templates, 1 tag events (AJES = 0.0)

Bl . = 160
B M, = 170
M, = 180
M,m = 180
- P(m™ | M_AJES)

My, = 174.8 + 2.4(stat®jes) *12 ; ((syst) GeV

3/10/2009
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Combination (as of summer 08)

CDF winter'09
my,, = 172.6 £ 0.9(stat) + 1.2(syst) GeV
DO summer08
m,,, = 172.8 £ 0.9(stat) + 1.3(syst) GeV

July 2008
T

I 1 I I 1 I I I
1 — LEP2 and Tevatron (prel.)
80.51 — LEP1 and SLD

68% CL

-
......

175
m, [GeV]
Run Il goal: dm = 1 GeV

Mass of the Top Quark ("Preliminary)
) &
CDF-1 di-| 167.4+10.3+ 4.9
. L
DO- di-l 168.4 +12.3+ 3.6
‘COF-Il di-l 1712+ 27+29
. ) ——
DO-Il di-l 1744+ 32+ 21
CDF-1 14 176.1=51+53
DO-I I+
j 180.1= 3.9+ 3.6
. , .
CODF-Il I+ 1722+ 1.0+1.3
‘DO-lla I4+] B | 171.5+15+1.5
"DO-llb I4] [ @ 173.0x1.3+1.7
) &
CODF-l all-j 186.0+10.0= 5.7
‘CDF-Il all 176.9+ 26+ 3.3
. —_—r—
CDF-Il trk 1753+ 6.2+ 3.0
“Tevatron July'08
1724 trs?éa : }S}Er.J
idof = 6.8/11,0 (81%)
| | l | I I
150 160 170 180 180 200
Mo {Ge‘lﬂcz}
om/m<1%
http://tevewwqg.fnal.gov/top/
3/10/2009

http://lepewwg.web.cern.ch/LEPEWWG/plots/summer2008/
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top quark coupling

 if top plays a special role in ewk symmetry breaking its couplings to
W bosons may differ from predictions

« modifications to top quark interactions, in particular with weak
gauge bosons, could yield the first signs of new physics

« most general CP-conserving W-t-b vertex involves four couplings

Ly == Wi bY" (11 P+ Py )1 - %marw;ﬁ " (£EP. + 1P,
: +N.C.
where, in the SM £ ~ 1, fr=H=f=0 h.c
* probing tWb vertex:
Anomalous couplings in W helicity In top pair decays
single top quark production and decay yi
q ff,:" b
/\n

U

— Both measurements can be combined to fully specify the th vertex
3/10/2009
Meenakshi Narain - Moriond EWK 15



W boson helicity from t=>Wb
decays in top pair production

« sm predicts V-A coupling at Wtb
1 helicity of W boson
f,=0.7, £=0.3, f,=0.0
(longitudinal, left-handed, right-handed)

» a different Lorentz structure of the t - Wb
interaction would alter the fractions of W bosons
produced in each polarization state.

* model-independent measurement based on
reconstruction of cos@* distribution - angle
between lepton and top in W rest frame

« distribution of cos 8+ depends on the W boson
helicity fractions

« Generate samples corresponding to each of the
three W boson helicity states
— by reweighting the generated cos6+ distributions
« Simultaneous measurement of f,andf,

— The negative helicity fraction f_ is then fixed by the
requirement that f_ + f; +f, =1

1

Negative
Helicity
f=0.30

]

h

i

Longitudinal
Helicity
f,=0.70

r
f

Positive

Helicity
f =()

r!

of cosB* (angle between the momenta of
the down-type fermion and the top quark
in the W boson rest frame for each top

= |eft-handed

=— longitudinal
right-handed

= sum (SM)




top quark coupling

 Use a maximum likelihood fit, for the
data to be consistent with the sum of
signal and background in the cos6*
distribution

« The fit parameters are the W helicity
fractions f, and f,

Entries/0.1

* A model-independent measurement of
the helicity of W bosons

fo = 0.490 & 0.106 (stat.) = 0.085 (syst.)
f. = 0.110 & 0.059 (stat.) == 0.052 (syst.)

* if f, constrained to the standard model value

£ = 0.019 & 0.031 (stat.) = 0.047 (syst.)

« This is the most precise such measurement

3/10/2009 Meenakshi Narain - Moriond EWK

D@ Run Il preliminary

Lepton+jets channel —e— D@ data, 127"  (a)
—— Signal + background
Wb SM Signal + background

[ Background

T lll |

-0.5 0 0.5 1

coso*
ol2r
i DO Run Il Preliminary
1_ L=22-271"
ﬂ.B-:_ :,-; 68% and
o8t \ 95%
“-‘:‘ \ \ C.[‘:c__ontou rs
0.2- —
0
- |

| -. E L P | | N T L L
0 ?0.2 0 02 04 06 08 1 1.2
f+
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top quark couplings

CDF used three approaches for this
measurement

« Using the fully reconstructed dec
ay chain

 Template method

* Using a matrix element based
technique

— Likelihood based on differential
cross sections of signal and

background
* Combining Cos6* analyses:

f,= 0.66 + 0.16
f,=-0.03 % 0.07

CDF (1.9 fb™)

II§III|II\|I\I|I§I|III

CDF Preliminary (JLdt= 1.9 fb'l) =
Assumes m¢ = 175 GeV/c2 E

Matrix Element: £
n——.—-—l

(fix £7=0.0) £,=0.64 £0.08 £0.07
Cos 0* Unfolding:
@
£.=0.15+0.10+0.04 £,=0.38 £0.2120.07
= =
£.=0.01=0.05 £0.03 (fix £0=07)
= =
(fix £+=00) £,0.66 £0.10 £0.06
2 Cos 6* Template: E
—— o
£,=-0.03 £0.07 £0.03 £,=0.65 +0.19 =0.03
= (fix f0=0.7)
£,=-0.04 +0.04 +£0.03 )
= =
(fix =0.0) £,=0.59 £0.11::0.04
L1 § 11 1 | L1 | 1 1 1 | | ; | | I
0 0.2 0.4 0.6 0.8

W-Helicity Fraction from Top Decay

Meenakshi Narain - Moriond EWK
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http://www-cdf.fnal.gov/physics/new/top/summaryplots/whel.eps

anomalous couplings in single top

production

» Left & Right handed Vector and Tensor couplings

Wh T \/E \/EM“_
where, inthe SM ff ~ 1, fy = f{' = 5 =0

 Two non —zero couplings at a time

— Consider 3 scenarios

Ly =—=W;bY" (f-P,+ ¥ P )t ——=2—0, W, b o™ (fi-P, + X P, )t

+h.cC.

q

g

s-channel(“tb”)

t-channel(“tgb”)

w

b

— Simultaneous limiton two 5., f L. fR nonzero

couplings

1
Only f |_, f1|_ non-zero
1 2

L ]
Only fl ,sz non-zero

3/10/2009 Meenakshi Narain - Moriond EWK
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anomalous couplings vs SM

» presence of anomalous couplings changes
the production cross-section, and kinematics
and angular distributions

Left-handed coupling Right-handed coupling

—
% 0.025-
1 0] Y SM
top quark helicity 1 - Y 0 PP RV
fi handed) t 0.02
left-handed h < v . E,_ C —LT
—ounlb—_ 3 AT
b b W 5 0o
> o 2
_ 8 o _— L 0.01 CompHEP v4.2
g heli 1t Wheli e top moving direction = HF
(right-handed) left-handed) 0.005H -
* Lepton against W direction * Lepton follows Wdirection
* Lepton follows b-quark direction *Lepton against b-quark direction P P . e ———
0 50 100 150 200 250

Lepton P [GeV]

top moving direction

3/10/2009 Meenakshi Narain - Moriond EWK 20



multivariate analysis

» Use Boosted Decision Trees to discriminate signal
from background

« For every analysis, train 2 signals against sum of
backgrounds

f L f R scenario: (tb + tgb)LV + (tb + tgb)RV ﬁ*
k

Signalseseass

, f;'— scenario : (tb + tgb)LV + (tb + tgb)LT +(tb+tqb)LV+LT -+ Background

L
f f R scenario : (tb + tgb)LV + (tb + tqb)RT

1 2 1° 1
100" p@ o9 ' dats 120, DOOSM" sdats | 160" pp 0.9 fb! st
S g0 @ Jf: W) | o= ) }a}- g BE) | o0 (g M=)
g™ _+L;"_ S 100 bkg S 120 :
I ﬂ E — !L ﬂ o "
§ 60 i g b § 1%
> | = = = B0
a, i, W )
= = T 60
3 2 40, 3
= = ; =
20 Wﬂ 20
e : ' ] . . |
% 0.10.20.30.405060.7 0809 1 % 5.70203040506070808 1 %5 010.2030405060.70809 1
Decision Tree Output Decision Tree Qutput Decision Tree Output

21



Limit Setting

Bayesian approach for limit setting

Simultaneous limit setting for two signals by

calculating 2 dimensional posterior probability

density
Scenario Cross Section Coupling
(L1, L2) 44255 pb P17 =14707
If¥1? < 0.5 at 95% C.L.
(L1, Ry) 52735 pb )P =184
ff1? < 2.5 at 95% C.L.
(L1, R2) 45733 pb f)? = 14703

f3¥1? < 0.3 at 95% C.L.

First experimental limits on tensor
couplings!
(PRL 101, 221801 (2008))

Meenakshi Narain - Moriond EWK

D@ 0.9 ' (d)

O 0.5 1 1.592 25 3 35 4
i

2 1
: b
1.8 D@ 0.9 (b)

186 @ max posterior
1.4 68% CL contour

1'2 [ 90% CL contour
: B 55% CL contour

0.2

% 051952253354
I
2 poos ' (f
18
1.6
1.4
. 12
&
0.8
0.6
0.4
0.2

% 05 1 %5 2253 35 4

I




Combination

* W helicity measurement in top
pair decays

* Anomalous couplings
measurement in single top

« Bayesian analysis:

— output of W helicity analysis forms

iInput prior to single top anomalous
couplings

* Observed posterior from data:
single top and W helicity combined

Meenakshi Narain - Moriond EWK

L =1fb

o 2

- fRP<1.0

1.5 PooxcL
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conclusion

 top physics has come a long way since 1995
* Tevatron is still the only place to do it

 top quark mass measured to 0.8%
 reaching uncertainties below 1 GeV

 Measurement of top properties and possible
non-standard physics in t-W-b couplings are
consistent with SM

http://www-d0.fnal.gov/Run2Physics/top/
http://www-cdf.fnal.gov/physics/new/top/top.html

3/10/2009 Meenakshi Narain - Moriond EWK
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searches for non-standard physics

» quarks with charge 4/3e-> disfavored

* FB ttbar asymmetry -> consistent with sm
« 4% generation t’ quarks > m > 284 GeV

« scalar top production ->no evidence

* charged Higgs bosons - limits on H*

+ tb resonances —tb,t->H"D

* {tbar resonances

« FCNC decays of top quarks

Meenakshi Narain - Moriond EWK 26



Backup slides



top quark charge

* isit o sn
— t>DW*b (Qy, = 2/3 €) o
- t>Wb (Q,, =-4/3 e) ol 2 XM like
- Exotic model o Je2sa
— doublet (—1/3e,—4/3e) ? s : [Bkgs
— D. Chang et al., PRD59 (1999) 091503 2 : l'da‘a
- DO PRL 98, 041801 (2007) Lo g |
— 4/3e excluded at 92% CL N as 95 97 07 o o7 a5 6o
— fraction of exotic quark pairs COF Run B profiminary Lat.6
<0.80 (90% CL) fomf
» CDF result with 1.5/fb . " o
— p-value for SM: 0.31 i
— exotic model XM excluded with sk~
87% CL :::%:
-0|.5‘ - 6 - |0.|5| == “I — ‘1.|5I I ‘f+

3/10/2009 Meenakshi Narain - Moriond EWK 28



systematic uncertainty
. CDF (3.0 fb")

Systematic Combined fit L+J DIL DIL(MT2 only)
(GeV/c?)

Residual JES 0.68 0.66 3.04 2.58
Generator 0.74 0.72 0.46 0.22
PDF 0.19 0.17 0.48 0.47
b jet energy scale 0.17 0.18 0.21 0.21
Background shape 0.24 0.27 0.12 0.36
gg-fusion fraction 0.04 0.00 0.01 0.32
ISR and FSR 0.13 0.14 0.34 0.57
MC statistics 0.10 0.08 0.32 0.33
Lepton energy scale 0.03 0.06 0.28 0.56
Pileup 0.19 0.24 0.34 0.18
Color reconnection 0.34 0.38 0.55 0.68
Total 1.14 1.14 3.24 2.91

Systematics from template method for L+J and DIL channel



Mass from cross section

« compare with theory
— combine likelihood and b-tag DG Preliminary, ~1 fb”

. E‘ ai= Moch and Uwer
cross section measurements ¢ - DO L+jets/dilepton/letau ~1 fo"
|n |ept0n+jetS 3122— aeaahatty Efiﬁdi&r::};;lﬁ}p quark mass
— dilepton cross section S 11~
— lepton+tau cross section F10}
9=
8-
my,, = 167.8 £ 5.7 GeV 3
?_
(NLO+NLL) Cacciari et al., :
arXiv:0804.2800) 8
= 169.6 54 .. GeV e S T T O TV

top quark mass (GeV)

(NNLO approx) (Moch & Uwer,
arXiv:0804.1476

Meenakshi Narain - Moriond EWK 30



Combination
DO (summer 08)

31

Dg ~ = preliminary Summer 2008
Run | dileptons o.1f' K @ H 168.4 +12.8 GeV
Run | lepton+jets 01’ H—e— 180.1 £ 5.3 GeV
Run Il dileptons * uwpto28m™ H—e—H 174.4 £ 3.8 GeV
Run Il lepton+jets * 22 H®H 172.2 = 1.7 GeV
D@ combination (July 2008) H@H 1728 = 1.6 GeV
World average (march 2008) HBH 1726 £ 1.4 GeV
Run Il ofl+jets, Il, I+1) * ~1 ' F—@— 169.6 = 5.5 GeV

1 [ 1 I 1 I. 1

160 170 180
Top Quark Mass [GeV]

31



Combination
 CDF (winter 09)

CDF Top Quark mass (*Preliminary)

L

All-hadronic

(Run ) 186.0+10.0+ 5.7

L

Dileptan

{Run ) 167.4+10.3+4.9

—_——

Lepton+jets

(Run 1) 176.1+ 5.1+ 5.3
. —_——
Dilepton

(1.9 171.2+27+29
. ——
Lepton+Jets (Lxy+lepton p_)

(1.9 117 T 175.3+£6.2+ 3.0
. i
Lepton+Jets

(3.2 17 1721+ 09+1.3
. —
All-hadronic

(297 1748+17+19
. il
CDF Winter 09

. 1726+09+1.2
(21 (stat.) + (syst.]
yidof = 3.6/6 (73%)
| | | | | |
150 160 170 180 190 200

m,,, (GeV/c?)
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Color Reconnection Systematic

* New models of Color Reconnection (CR) have been introduced in
recent versions of PYTHIA starting with V6.3.
* In our analyses we have been using PYTHIA V6.2 (tune A).

« The latest version (PYTHIA V6.4) includes, in addition to a new model
for color reconnection,new models for the parton shower,

Multiple Parton Interaction (MP1),

ISR and FSR, and the underlying event (UE).

The CDF and DO collaborations work together on understanding the
effects of these changes and on defining a common procedure to
include them in the systematic uncertainties.

Tuning of PYTHIA V6.4 to data is in progress.
Tunes which include LEP data (called “pro”) are now available.
(see Perugia MC meeting, October 2008)

So far we have looked at two recent tunes: ACR(pro) and SO(pro).



% Color Reconnection systematic (cont.)"

Tune ACR(pro): includes only the new color reconnection model.

Tune SO(pro): uses new modeling for ISR/FSR, parton shower, MPI, UE
and CR. For this tune, we have to investigate possible overlaps with the
systematic uncertainties we are now using.

At this stage of our studies we evaluate the CR systematics using the
ACR(pro) tune, that includes only changes in the CR model. We compare
ACR(pro) to the A(pro) (tune A in V6.4) tune.

This has been done in the di-lepton, the lepton+jets and the all hadronic
channels. The three mass shifts agree within statistics

My, = My (A(Pro))-M,, (ACR(pro)) = (0.4-0.5) 4 0.3 GeV/c?

Work is in progress to compare jet shapes in PYTHIA V6.4 with data from
various samples to isolate the effects of the new parton shower from the CR
contribution.

top



Color Reconnection Systematic

Strong color correlations between the hard process and the
underlying event are required by tune A and similar tunes. These
effects are interpreted as sign for color reconnection.

The issue has been studied at LEP for the W mass measurement

LEP

CR effects on the M,
measurement at LEP

! contribute to systematics
q a) q

CR(sys) = 8 MeV

out of 22 MeV (total sys)

(LEPEWWG hep-ex/061203)

Tevatron

Preliminary MC studies have
indicated possible contributions

Proton beam remnant to the top maSS
3 systematics of
order

Color
Reconnection

(example) /° Ts

Soft Vacuum Fields?
String interactions? G eV
qS.ze of effect < 1 GeV?
ntiproton beam remnant

D. Wicke and P. Skands arXiv:0807.3248V1



Comparison of Different MC Versions

We have compared jet properties after generation + detector simulation.
Preliminary studies find the ACR(pro) jets agree with PYTHIA V6.2, but:

E ($R=0.4 cone) SO sample < E ($R=0.4 cone) PYTHIA V6.2 sample

Light quark jets b-quark jets
: m——— : Jets in the SO(pro) sample
L parton)-E(iq-j 18— arton)-E(b-je . H
o ~ ermave i o=l are wider and shifted
el —— PYTHIA S0(pro) 0-14 _ —— PYTHIA S0(pro)
ool i SO(pro) -Nominal
01?_ o.oa;
- o.os;f
0.05]- 0.04
: | osef ¢ = (cone)
0.0(:__-40' 200 20 40 s 80 10 00" 26 02040 60" 80 100 120 GeV
oF : WHEels -U.38 £ U. 15
-0.005- 3 . - U.
00 Stloro-PYTHIA Vo2 e 0lpro-PYTHA Vel b-jets -1.43 £0.15
e T TR T R R R e TV ORF

AE (GeV) AE (GeV)
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