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Top mass measurement U/ FN

New Run1 analysis on the
sample of ~125 pbT collected by
DO in 1994 - 1996

® Lepton + jets sample

® Matrix Element type analysis
technique Nature 429, 638-642 (2004)

M;,, = 180.1 £ 3.6 (stat) + 3.9 (sys)
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New Runl result and Higgs limit L’f/ FN

6 — New world average
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& Current experimental focus U/ FN

mass

properties
Cross
section
New measurements
Improve precision eBetter statistical
eReduce systematics significance
eNew tecniques *New methods

All the channels
eExploit b-tagging
eExploit kinematics

e Add tau+jets
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Assume top hadronizes before decay to Wb

Expect 2 b jets from top pair production

Channel Typical S/B

dilepton 1-3
Lepton + jets 0.2

all jets 4 x 104
(Had)Tau+jets 1 x104
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Top Quark Decay and Event Signatures 'l NFN
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L epton + Jets Channel

INFN

High-pT electron, muon with missing ET and 24 jets (2 are b-jets)

Large sample for other measurements
* mass, other top properties, W helicity
* single top and BSM searches

Typically 500 events in 160 pb-!
(includes 3-jet events, too)

B-tagged sample of 50 -120 events

Double-tagging can improve S/B
« tight tagging (8 events): S/B=8
* loose tagging (19 events): S/B=4
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Largest uncertainty is on b-tagging efficiency measurement

IFAE@Catania, 3/30/2005

P. Azzi-Bacchetta, INFN PD




)
L+jets Topological cross section (CDF) a FN

Use jet energy and event shape info to discriminate top pairs from W + jets

(Trade off S/B for increased number of top signal events)
| CDF Preliminary (195pb ™) |
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@ %)) L+jets topological cross section (DO) L’f/ FN

DO Run Il Prelimina
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@ %) Cross Section Results using B-Tagging 'l NFN

-

SVT tag in 3+4 jet bins: counting experiments or fit leading jet Et
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Estimate backgrounds in the lepton + jets sample from first principles:

» Using data as much as possible (fake W bosons, fake b-tags)
» Some MC calculations for diboson and W + heavy flavor backgrounds

F/ Most precise measurements at Run 2 are in b-tagged lep+jets sample



@ 9 Cross section using double b-tag INFN

Larger statistics and eff(b-tag) allow first double-b-tag measurements!

DO Run II preliminary
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| )
5 ) Top Mass - Template Method INEN

(
Template method: data are compared with signal and background MCs

[ Template Functions for 1 Tag Channel |
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/“)
CDF |+jets Template Mass (: NFN
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-
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-Log(lLikelihood)

Events/{10 GeV)
2
|

DO [|+jets Template Mass

Topoloaical Event Selection
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B-tagged Event Selection
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/")

DO I+jets Template Mass & FN
Source Topological (GeV/c?) | b-tagged (GeV/c?)
Statistical +5.8 +4.2
Jet Energy Scale +6.8 —6.5 +4.7 =5.3
Jet Resolution +0.9 +0.9
Gluon Radiation 2.6 +2.4
Signal Model 2.3 2.3
Background Model +0.7 +).8
b-tagging H).7
Calibration (fitting bias) +0.5 +H0.5
Trigger +0.5 H).5
MC Statistics +0.5 H).5
Total Systematic +7.8 —7.1 +6.0
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@ BE) Top Mass: DLM, ME Methods

> Calculate the probability per an event
> Examples: D@ ME, CDF DLM analyses

® using maximal event information, e.g.
takes into account event-by-event

resolution effects
Probability density per event

)
INFN

C

Dalitz, R. H. & Goldstein, 6. R., Proc. R. Soc. Lond. A

445, 2803 (1999)

K. Kondo, J.Phys. Soc. 57, 4126 (1988) (Dynamical
Likelihood Method)

LO ttbar matrix element

I “ /
L(Mo,,>=22f F (2,2, (p) | M W(T, x| yi M, o

N

PBFS

Sum over all possible

parton states

> Sum over all 12 permutations of jets and neutrino solutions

Transfer function: the probability for a measured

variable x to arise from a parton level variables y
(energy resolution, etc...)

Example

[ ]
oo —_

—
<>
T

04-
02-

(
166

i 15 180 18 190 19

Top quark mass (GeV/ ¢

» Background process ME are (or not) explicitly included in the likelihood

> Top mass: maximize IT; P' (M,,,)
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lepton+jets (CDF): DILM

> Lepton + jets
channel w/ b-tag

> 19% background
fraction (mapping
function)

Maximum Likelihood Mass

—— MC Prediction
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INFN

(
Determine true “particle”, “parton” jet E from measured jet E

@ 2 Jet Energy Corrections ~)

> Non-linear response
» Uninstrumented regions

» Response to different
particles

> Qut of cone E-loss
» Spectator interactions
» Underlying event

IFAE@Catania, 3/30/2005 P. Azzi-Bacchetta, INFN PD



o ?
N Jet Enerqgy Scale L’_‘f N

> Both experiment working toward reducing the systematics from jet energy
scale

® DO still quoting a 5% for jets with E;>30 GeV (was 2.5% in Run I)
® New Run2 CDF systematic uncertainties are now same or better than Run1

Run2 Runl

N fr— - =
& i ] . "2 — = 72 GEV/E
ﬁ pas P aariintian a kel E 0.1, Svstiematlc uncertainties | 55 < pi* < 75 GaVic
§ ancE DB 20 = p < 55 GeVic
g tHor 4 0.06F ; - —— 12< pi" <20 GeVic
B oo S S A _: 0.04f e ...................................................................... P <12 GeVie
g 0ol - “-“i R |
by - . P T e
g F R :
_.E 02 = 0.04 i_ ............................. T ]
S oml e 7 0.061 ' : '
. PR | L PR M M L L M | . . L a i L L L
- A = 0.0 05 1 1.5 2 25 Til
-u.ﬂ.-rf— —f
Al I|'-| | | T T | TR N T T T O A I TR I I I I |_ CDF NEW!

2k 4 tH Alr JIH) Fn Ian Tl ] T

_ Jet Pt (GeV) _
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%)l Improving the Top Mass Measurement INFN

> Determine the b-quark

CDF Run 2 preliminary - L=333 pb'1

energy scale from Z->bb . Selected events

> ...but first we have to see 52?5327:u§§94i515events
the Z->bb decay in our e
data. 7

<+ The S/N is not higher than
1/5 at the most in the
signal region

Events per 5 GeV
()]
o
o
o

Double b-tagged events with no extra jets
and a back-to- back to ologx/are the signal-

enriched sample: E;°<10 GeV, A®,,>3 2000
Among 85,784 selected events CDF finds e oo an
34OOiSOO Zébb decays 0—I 11 1 | L1 1 | | L1 1 1 | [ T | |
- signal size ok 0 50 100 150 200 25
- resolution as expected Dijet invariant mass (GeV)

- jet energy scale ok!
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Search for 4th generation t’

/‘j

INFN
'

Using I+jets sample for searches beyond SM

e Same selection as kinematic top xs

eFit Ht to t’,t,W+jets and QCD
e| ikelihood for different Mt’

20 . .
- t'>Wq search
16 Njet24
o 12t WY
c top
g W+jets
Q 8 u I QCD
4}
00 100 200

CDF Run 2 (195 pb-1) .
Preliminary

300
Hr (GeV)

(one such plot for each point)
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95% CL upper
limit, mp=225 GeV

400
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CDF Run 2 195 pb-!
t'—Wgq, { + =4 jets channel ]
Preliminary

95% CL
upper limit

Cacciari, et al.,
NLL resummed
hep-ph/0303085

200 350 300 350 200
t' mass (GeV)

10

CDF Run 2
t'—Wq, { + 24 jets channel 7
Projected sensitivity ]
(statistical improvement only)

95% CL
expected limits

Cacciari, et al.,
NLL resummed
hep-ph/0303085

150

200 250 300 350 200
t' mass (GeV)
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. )
@ S50 Single Top Search INFN

(

Use |+jets sample in lower jet multiplicities for SM search

g g
] t
A A
h i
q b 9 b
s-channel t-channel
o~09pb o~ 2.0pb

« Single top quarks produced by weak interaction are a
direct probe of top quark weak couplings.
— Measure |V, | without assuming three-generation unitarity.

» Cross section is close to top quark pair production
cross section (2.9 pb vs. 6.7 pb), but background is
much larger because there are fewer jets.
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New DO Limits! INFN

Limit from 2D binned likelihood (NN vs. NN)

D& Run Il Preliminary, 230 pb’

i 0'35'_"-.‘ — s-channel
2 0.3- == t-channel
£

a8 025

ﬁ {1.2_ % o < 5.0 pb

o C E

5 015 & < 6.4 pb

@

w04

o

a

i i i |.-lr.I “Frangy T i
0{: 2 4 6 &8 10 12 14 16
cross section (pb)

s-channel: o<6.4 pb (95% CL)

(expected limit: 4.5 pb)

t-channel: o< 5.0 pb (95% CL)
(expected limit: 5.8 pb)

IFAE@Catania, 3/30/2005

C

Previous Limits (95% CL)
« s-channel

o< 17 pb (DO Run I)
o < 18 pb (CDF Run I)
o < 13.6 pb (CDF Run Il)

» t-channel

o< 22 pb (DO Run )
o < 13 pb (CDF Run )
o < 10.1 pb (CDF Run II)

+ s+t combined

o < 14 pb (CDF Run I)
o < 17.8 pb (CDF Run II)

P. Azzi-Bacchetta, INFN PD
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5 Di-lepton Datasets U/ FN

2 lepton + 22 jets + missing E; sample is small but very clean for top signal

> Event Selection
® one isolated and well identified lepton (e, u)

® second oppositely charged lepton (e, u): tight or loose
identification (isolated track)

® Significant missing transverse energy from the two v’s
® N(jets) = 2 to account for the b’s
® Additional topological or kinematic selection

Physics backgrounds:

o /-->tt, WW

Instrumental backgrounds:
» Fake isolated leptons

* Fake missing E;

IFAE@Catania, 3/30/2005 P. Azzi-Bacchetta, INFN PD



@ <iE) Dilepton cross section (DO)

First without b-tagging

—h —h
L))
TrrT

-k
=)
I T 1 T 1

Number of Events
X
|
|
|

o N L) <0
T II|II T

0 2 4

Number of Jets
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DZero preliminary (150pb-')

M tt
HWW-
W Fakes
Z/y
« Data

6

)
INFN

then require a b-tag

DZero Preliminary (158 pb-1)

Expected Sample Niets>2 After tagging
Top 4.58+0.09 2.70£0.09
WWwW 0.46+0.03 0.008+0.002
Z Tt 0.6+0.1 0.017£0.007
Z _un 0.10+0.04 <0.005
QCD, W+j 0.33+0.04 0.011£0.002
Total 6.1+0.2 2.74+0.09

Reduce background in ey channel

with b-tagging!

5 observed events with negl bkgd
o =11.1%% £ 1.4 £1.7(lumi) pb

P. Azzi-Bacchetta, INFN PD




@ aét  Dilepton Cross section (CDF) | HQ
| :

Tight-tight sample ...or... tight-loose sample

CDF Run Il Preliminary I L dt =193 pb'1

- }Missing Transverse Energy
25? « Data = 10 .. -1
i B o= 84pb) $ o E- CDF Il Preliminary 200 pb
- oY ee, o E EOWW + WZ +ZZ
%20— lepton fakes Sl- 8 :_
g C —— I wz "'E 7 E— + Drell-Yan
S ¢ Zom g E == + fakes
- L — -
815 = +1f (6 = 6.7 pb)
a | SE
2L 3
5 ‘E N .>2
= 10— 3 E jet
] - -
2 | =
E [ 2
s [ 3
2 5 16
i o B e T s N | P
L 0 20 40 60 B8O 100 120 140 160 _ 180 200
o o MET (GeV)

0 20 40 60 80 100 120 140 160 180 200
Lepton P(GeV)

>» Cross section requires careful study of background contributions
» Ready for comparison of kinematic distributions in the sample
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Inclusive Dilepton Sample (CDF)

5

..or even looser cuts to increase number of signal events...

tt MC

CDF Preliminary 200 pb-'

Fit distributions for all physics backgrounds
and find 10 top dilepton events in ee,eu,uu

+1.1pb

+2.5
-2.4

3.6

O =

P. Azzi-Bacchetta, INFN PD
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@ 5 CDF: Dilepton mass analyses U/ FN

> The final state is under-constrained: how do the analyses
solve the problem of under-constrain kinematics?
® introduces one constraint: P," = P,' + P,' = 0

® scan 1, and n,, assume m, and M,,, calculate the maximum of
the event probability vs m, (D@ Run1)

® scan the ¢,, and ¢,,

Three independent mass analyses in two
experiments with consistent results!

IFAE@Catania, 3/30/2005 P. Azzi-Bacchetta, INFN PD



/“)
5\ Dilepton mass (CDF) & FN

» Dominant Backgrounds

® Di-boson, W+jets with a jet faking
a lepton, Drell-Yan (Z/y —ee,uu,tr)

CDF Runll Preliminary (193 pb'1)
3_

- Constrained fit
225} s
'~ CDF Il Preliminary | L ~ 2l
~0.016 N, 20 =
£ 5 Mean 1731 = - S o1s
So.014f— RMS 49.36 w175 < L
b - C.'D C
> N = T 0.5
§0.012— = 1-5: L .v. L
2 - []zz = 1.25 E a0 Tie0 1m0 204
-g 0.01— wz E - E Likelihood shape
= T Fak > -
® o008l DV;:S 5 1t [ | Data(13 ev.)
o N = s e Signal+Backgr.
0.006 [l Orell-Yan 'ﬁ)()-’75 - | Backgr.
N — Combined fit = 0.5 -
0.004 [ =
- 0.25
0.002| - - : _
ok "So0 150 200 250 300 _ 350

Reconstructed mass (GeV/cz)

Most probable reconstructed mass {GeWcE)

Myop = 168.1 £ 10. (stat) £ 8.6 (sys) GeV/c?
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S\ Dilepton mass (DO) U/ FN

Tun 168393 Tun 174901 Tun 177826 Tun 178150 } A Welght for every
event is calculated and
sampled over the

C 1c”:'ru]:.c.l 2003:50 ]mr;ionzgolomzm = nliol?zt:tologszm = r;iolifzt:to:slzm deteCtor reSOIUtlon
uw 1 =
Lo
events E
]
b e P A I LS PPN | PRI R | [
100 150 200 250 100 150 200 250 100 150 200 250 f E‘
Tun 166779 run 177681 tun 178152 run [78177 - 5
4
_l’_
c f
€ pd
lll[ll - .2';0‘ . 1c|m| - Iznn - ]l{’IJ‘ Jclml - tlm 1
1

L L I L L L I L L L I L L
180 200 L4l

W= 3 3 LS EPE LpE ) T s toen

solutions jets A

_ +14.0
/ Probability that ﬂéle observed m‘rop = 155 130 (S TGT)
energy of lepton ¢ is comin + 2
I Parton distribution functions fronglytop qugrk TR T mtg - 7.0 (SYS) GCV/ C
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@ All-Jets Channel (DO) INFN

Challenge to separate top from QCD multijet production
Neural Network 2 output

events / 0.05

. o Furtt preliminary Kinematic neural network
10 | o ) - total transverse energy H-
integrated luminosity: 162 pb , o
: — re-normalized background * aplanarity, sphericity
I v vertextagged data * rough cut on tagged events
L " | expected t  contribution
il L Final Neural Network variables
- . . are sensitive to high mass objects:
i . :T:I: » output from first neural network
- Rinae - | « dijet masses, top pair mass
10 Fit for 220 evts, estimate 186 are bkgd
i | | | | (large error from jet energy scale)
0.2 0.4 0.6 0.8 1

neural net discriminant

o = 7.7 (stat) "3 (syst) = 0.5(lumi) pb
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5\ All-Hadronic Channel (CDF) & FN

Expect 26 jets when W decay hadronically

CDF Run Il preliminary, L=165 pb "' |

Tagged je
> @
= =]
/ I

Special multijet trigger:

* 4 high E; jets (215 GeV)
* large missing E; (>125 GeV) 140
» optimized for hadronic top events

+

1. Estimate background tags expected
from data with little top contribution

2. Require high E; spherical events: o
S/B=0.03-0.3 20

3. Cross section from event counting

I:l Bachkgmund aftar kin. sl i

- Data aftar kin. =al.

_rll|III|III|III|III|III|III|

I I I I I
djets S5jets 6bjels 7jets 8jels

o

o =7.8x+2.5(stat.) _+24,'37 (syst.) pb competitive with neural network
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Summary of tt Cross Sections

i ﬁr\,
o) INFN
D3 Cacciari ct al JHEP 0404.068 (2004) | o
m=175 GeVic® CDF Run 2 Preliminary DY Run Il Preliminary
Dilepton; Comhlned 7.0+24111 ) 143 +5:1+28
(L= 200ph”) o dilepton "~ 4319
'= { i H @
Dilepton; MET, # jets 8.6+25+11 L=146pb’ 2616
(t= mpb ) l+jets (1opnlc|:qical) . 72 ,4a42P
Lapton+Jets Kinematic 47+18+138 [=143pb" ' i
L= 193ph" j i . 11.4 +4.1 420
— I+jets (soft . tag) g  -35-18
Leptonﬂlets: Kinematic NN 6.7+]1+18 1-93 pb” . ® ™
L= 193ph" ) . 11.1 +5.8 +1.4
- A 16412 eu (Vertex tag) 1 43-14P
LeptontJets: Vertex Tag+Kinematic 6.0+ g+ 173 ; F— - 4
(L= 162067 L=158 pb +1.3419
: 7.2 o]
Lepton+Jets: Vertex Tag 56+]2+03 I+jets (Impact parameter) -1.2 -14
(L= 152;:1:) _ -1
" - L _?64‘&5 go *13 +u:-p
Lepton+.1ets: Double Vertex Tag  5.0+33+]] I+jets (Vertex tag) -1.3 -16
(L= 1626b") L=164 pb’
—— 13,13 =164 pb 7.7 +3444T
|?fP¥§2r;;'-ﬁﬂt5: Jﬂt Prob Tag 9.8+12%13 all hadronic ! 33.38P
L 1 1 ]
2 . - s 13 ]'_:?'ngb-’ 1 . I 1
'-{fpl:ggg;'?j“ts: Soft Muon Tag 527913 Cacclari et al. JHEP 0404:068(2004)
» I|IIII|IIII|IIII|IIIIIIIII|IIII|IIII|IIII|
All Hadrgnic: Vertex Tag 784334573 0 25 5 75 10 125 15 175 20
L1 1 e v v v v v v g gy G(pﬁ%ti)(pb)
0 2 4 6 3 10 12 14
o(pp — tf) (pb)
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At Summary of Mass measurements

-
INFN

Tevatron Run 2 Preliminary

O —
DO DI|E ton 155.0 +132+ 7.0
- EBQpbP 13.0
: - e
CDF Dilep ton 168.1+ 5 + 8.6
(L= 200pb ) ;
=
CDF Lepton+Jets 177.8 +30+6.2
(L= 162pb )
O
DO Lep;nn+Jets 170.6 igg +6.0
(L= 230pb")
|-|-.—|-|
World Average 178.0 457+ 3.3
(Run | only)
(A S I T R N T T T T [T T T T A T T T T NN M S B
140 150 160 170 180 190
Top mass (GeV/e

error bars: red=stat,

blue=total
IFAE@Catania, 3/30/2005

C

> Current results:
systematic uncertainty
largely dominated by jet
energy scale (CDF & DO)

New corrections and
systematics available for
CDF

New mass measurements
with Run I-like or better
JES uncertainties SOON!

P. Azzi-Bacchetta, INFN PD
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Conclusions INFN

C

» Measurements status:

® Cross Section in lepton+jets already systematics limited:
<+ Jet Energy Scale
<+ B-tagging efficiency

® Mass measurements also need improved JES

New results with higher statistics and better systematics coming soon!

» New things to expect:
® Add new channels
® More significant measurement of the top properties
» Tevatron performing well: experiment very busy in
staying after the data and using all of them!
® Lots of work on triggers at high luminosity
® DO will upgrade the vertex detector at the end of the year
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