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Tevatron Run II Integrated Luminosity

20.00 a000.00

Run Integrated Luminosity (pb’

4500
o s \ ‘ 250000
=N
> ill
o [l
€ 3000
: || Il
- 2500 1500.00
g A1l i
£ Wl R oo
> .
f o T
* o 0
il Hl!lHHHINH\\IHHHHHH\HHHH\H\MHIHIHHH\ [l
O

5 20 35 50 B5 B0 95 110 125 140 155 170 185 200 215 230 245 260 275 290 305 320
Week #
(Week 1 starts 03/05/01)

mm 'eckdy Integrated Luminosity —e— Run Integrated Luminosity




Top quark pair production
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Production cross section measurement

Estimated from MC Simulation
and/or Data

_ _ Ncbserved - Nbackgruund
o(pp —> tt) =
Atut ‘[Ldt Slight mass
dependence:
— m,_ =175 GeV

top

« Important test of QCD at high p,

e [0 higher x-section if resonant top production or non-SM production

* Measurements of different decay channels
« exotic top decays (t - H* or stop) modify contributions to different channels
« di-lepton/l+jets ratio probes non-W top decays

* Measurements with different methods:

* b-jet tagging method assumes BR(t - Wb)= 1, kinematic methods are free of
this assumption
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Top quark pair production

Run I : Vs = 1.8TeV with L~100pb-': L [0 \s =1.96TeV
[ increase of 0, by 30%

L=1fb! analyzed I decrease 00~10%

CDF: 6.57_, D@:5.7+ 1.6

proton antiproton

NLO-predictions:
6.8+£0.6 pb (Kidonakis, Vogt)

6.777  ,pb (Cacciari et al.)
[ 60 ~10%
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Top quark decay products

b-quark jet

antiproton

Top has a very short lifetime: T ~ 10->°s

-
F &
b-quark jet
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[1 decay before hadronisation
[ in SM: |V, |~1, BR(t- Wb)~100%




Top quark pair final state
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* Using lepton+track events
— 1 isolated lepton
— 1 isolated track

Acceptance: 14% (inclusive)
129 evts observed
Expected S/B 60.5 (tt)/48.2(bckg) ~1.3
[1 Higher acceptance, lower S/B
than “classic” method

Improvement on error:
o0ag/o = 15%

Di-lepton results -
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'Leptontjets

Jjel

* Large signal
— Reasonable background

— Used for many top measurements

* Basic event signature

P :
jet — One high-Et leptons
« E;>20GeV

— Missing transverse energy
Main Backgrounds * Missing Ey > 20 GeV
: ;VJFJ ets (dominant) — At least three high-E jets
/L ->T1
* single top e E;+>20GeV

[ estimated from MC :

* Mis-identified leptons * Expect ~250 events in 1 fb-1

[0 estimated from Data

— After b-tagging
- S:B~1:1
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Trigger selection

CDI-.; ’rrlgger b-quark jet /
requirements ,. (4 -» -
* 2] electron or muon | (e ﬁ“ I(\jz:lstsr:;lg energy)
— P> 18 GeV

f

D@ trigger requirements
proton G * OR of many single lepton,

leptontjets triggers

e >] electron or muon

- .
G

fq > — P> 15 GeV
light quark jet C b-quark jet _
° 2] jet
light quark jet — P,>20 GeV

Reinhard Schwienhorst, Michigan State University 12




Neural network b-quark tagging

* NN combining secondary vertex,
impact parameter taggers

* Much improved performance

— 1/3 lower fake rate for piETETE

same b-quark efficiency

/ \\\\\\ ']
vertex «" ' secondary
vertex

— Lower systematic uncertainty jepton :

—+ NN
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Neural network b taggmg

m300 bW+ 1 jet
+1je
= . an Il data
USG b'tag NN OU.tpU.t to :: Fit Sum (with stat. error)
—— W + beauty
check heavy flavor S200F W+ charm
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o ]
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O B e PR
B T
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Backgrounds to leptontjets w

* Multi-jet — mis-identified isolated lepton
— Estimated from data
* WHjets
— Events from Alpgen+Pythia (MLM matching)
— Normalize to data before b-tag requirement — W + light quark

— Heavy flavor fraction as in Alpgen — no agreement with data

— Scale up (Wbb+Wcc) by 1.5 based on data — W + heavy flavor

o L=900pb-! =175GeV D@ Runll Preliminary
D@ Runll Preliminary P == 100
=1 b-ta B - 14jets (8.3)pb
1200 8 B it - 11 (8.3)pb

I single top 80
| Wee
B wbb 60
Wi
Bz
I Multi-jet
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T T T
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Systematic Uncertainty

CDF systematic uncertainties D@ systematic uncertainties
* Object ID ~ 4%

Source Systematic (%)

b-tagging 6.5 * Energy scale ~ 5%

Luminosity 6.0 )
PDF 58 ° B—tag modehng ~ 6%

Jet Energy Scale 3.0 ° Luminosity ~ 6.5%
ISR/FSR 2.6 .
Lepton Identification 2.0 ° W"‘J ets backgrounds ~ 6.5%

Total 115 — In particular flavor composition

e Total ~11%
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Events

Leptontjets results

- - = -1
DO Runll Preliminary 913 pb”’  KS = 0.990 = DATAZ D@ Runll Preliminary L=200pb

m=175GeV

=

5 ¢
[ assyany

m k. 1200 -1 b-tag

[ Muttijet 1000 ‘

3

+

10

—— DATA
B - 1+jets (8.3)pb
B i - 11 (8.3)pb
I single top

. Wece

B Wbb

S Wijj

Iz

| Multi-jet

~

00 01 02 03 04 05 06 07 08 0.9 1

Likelihood Discriminant 1Jet 2Jets 3Jets >4Jets
* Kinematic analysis * NN b-tagging
— 6-variable likelihood — Efficiency € ~ 55%
discriminant for fake rate ~ 1%

— Require at least 4 jets

—15% 1mprovement

* Smallest error; 00/0 = 14%

O,= 6.3,  +0.7+0.4 pb o, = 8.3, (st)**®, (sys) = 0.5 (1) pb
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All-jets

8000
b quark jet 7000
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| CDF Run Il Preliminary |

° Observed tags (1.02 fb-l)

E Background

B ¢ (c=8.3pb,m=175 GeV/c)

| 1 | 1 ‘ 1 1 1 | 1 1 1 | | 1 | | 1 1 1
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NN output

* Largest signal, overwhelming background (QCD multijets)

* Selection:

— 6-8 jets, Er > 15 GeV, b-tagging 1s essential

— Plus multivariate analysis (CDF: 11-variable neural network)

o, = 8.3 £1.0 (stat) 2 . (syst) £ 0.5 (lumi) pb

Reinhard Schwienhorst, Michigan State University
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Top pair production summary
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Calculations for top quark mass of 175 GeV

10 12 14 16

o(pp — tt) (pb)

Experimental uncertainty now at same level as theory uncertainty

Channel combinations in progress
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* Fraction of gg — tt vs qq — tt events #

. 20
— Counting low-momentum tracks
m— No-gluon + glucn-rich
Mo-gluon contribution
— Using a neural network ,E s (5| LION-rich contribution
1=
Lol ]
o(gg — ttyo(qq — tt) <0.51 at 95%CL 5
(gg )/ (qq ) % CDF Run Il Preliminary
. ' 3 8[- Jrat-1m”
* Production through Z': I
‘Upper Limit on Resonant tt Production at CDF 4;_
4- - -
- CDF Run Il Prefiminary L=955 pb-1 2
3.5 Expected Limit at 95% C.L. C
C [ +1c Expected Limit at 95% C.L. L
. B ——e—— Observed Limit at 95% C.L. ol st T
2 3 bl RS KK gluon (I =0.17M) 5 10 15 20 25 30 35 40 45
= L e a or Leptophobic 2 Number of low p; tracks
UFI 2.5:— %
5§ 2f _
5 s 2 *
E’. - 7
5 1 ,
o e M(Z') < 680 GeV
500 600 700 300

Mass of tt Resonance (Gew'cz)



Single top quark pﬁuction

Proton —» . Antiproton
—r --'l-l"' - ® W hhhh

‘ ‘t. b
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SM single top quark production

Cross section: 0, = 3 pb

W
q b

t-channel tgb

Tevatron Goals:
Discover single top quark production N —

Measure production cross sections - == bfromt
Look for physics beyond the standard model " f — °Mer®
Study top quark spin correlations

Understand as background to many searches " |
400 -

1400 -

800 |- = light g

200

o G e S ST T e

Pseudorapidity x Lepton Charge nx Q
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* Basic event signature Event sample composition
— Single lepton trigger = awﬂets

or lepton+jets trigger

: T k
— One high-Et leptons p;)i;;Squar
Single top
« E;+>15GeV or 20 GeV
— Missing transverse energy MC COF I Preliminary
e Missing E+> 15 GeV g N = tchanna!
or 25 GeV E 015k tt background
8 === \Wbb background
— Two or three high-Er jets (2-4 jets) §
« E;>15GeV £ "
— At least one b-tag 005
* Expect ~ 50 events in 1 fb-! n _
_ After b_tagglng 100 150 200 250 Mhh[ﬁ;nm:]

— S:B~1:20
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Heavy flavor scale factor
* Start with MLM matched Alpgen samples
* Scale up (Wcc+Whbb) to match data

— After all selection cuts

— In the un-tagged sample

Heavy flavour scale factor & measured in the zero tag bins

o=151+0.04

2
1.8
B _ ¢
1.6 |
:___{ ________ :["'_'_'_'-_ ________ - l __________________________ |
R T ------------------ e e
14__ $
1'2:_ 2 _j(_‘.t:-'-n 4 j(_ﬁ_t;.;, 2 _i(_‘.t:"ﬁ 4 j(._‘.th
I L jet 3 jets 1 jet 3 jets

Electron Channel Muon Channel




Multivariate Methods

Input: Method:  Output
discriminating multivariate
variables classifier

Event kinematics

. . . P(signal)
Object kinematics

Reconstructed top mass

Angular correlations

Neural networks and
Boosted Decision Trees  Bayesian neural networks Matrix Elements

G B Swd

4\/ Q1qg ml mz
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* Neural network Likelithood

* Neural network b-tag Form 7-variable likelihood
function for t-channel search

(6 variables for s-channel)
* Plus 25 other variables NN b-tagger

— Use distribution

* Expected sensitivity Object and event kinematics

— 2.66 for SM s+t single top Matrix element

CDF Il Preliminary 955 pl:l'1

CDF Run Il Preliminary, L=355 pb™
| Normalized to Prediction T e

m — T T T T T TrrTe] T

= —e— CDF Il data ] * Data W Wbb [ Mistags

L . X E g i B s-channel [ tbar [0 MHonW =

- I -s_lngle-top signal E 107°F @ tchannel [} WeeWee M Zoy,:Diboscr|

- 20l tt background i) sy O] Syst. Bwor 3 s

o I B c-like background . f 2

a—, b-like background 107 i

o i non-W background - ] i

2 10 g

S 10 &

@

>

w 1

0= I EE— ' m.u 01 0.2 0.3 04 0.5 06 0.7 0.8 0.9 1

0.4 0.6 0.8 1 -1 e b 2 OB N7 LS

NN out

L an

o(s+t single top) < 2.6 pb at 95%CL o(stt single top) <2.7 pb at 95%CL
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Simultaneous s-channel and t-channel analysis

* Evaluate s-channel and t-channel filters simultaneously
— Form 2d posterior density
— Sensitive to new physics

Likelihood analysis Neural network analysis
CDF Run Il Preliminary, L=955 pb™’
3 55"" T O e T T CDF Il Preliminary 955 pb” -In(L
S st 5 o ; T Op
© - & CDF Il Data ] -g_ CDF |l data .198
4 F m SM Prediction = & 4.5
C @ Top-Flavor (m =1 TeV) -F.-‘ 4 -198
35 :_ T.Tait, C.F.¥uan O Zic FCNC (gzw:gz) _: bﬁ'l
PROES 014013 & 4th Family (V,_=0.5) ] 3.5 -198
3F o Top-pion (=250 GeV) 3 198
25 F . -
: 2.5 198
2 — O - 2 -199
15 E 15 1991
: E -199
0 1
& B 0.5 -199
U ||||||||||||||||||||||||||||||||||||: 0 1 -199
0 05 1 15 2 25 3 35 4 45 5 0 05 115 2 25 3 35 4
o, (pb) Op.cn [PP]
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0.5

Normalized to Unit Area

Matrix element analysis

b-P

in gletop

b-P

sin gletop

04f
03f

02}

01F i 7]

(I Single top

Event Probability Discriminant

o(s+t single top) = 2.7 *1°_ , pb

2.30 evidence for single top

Reinhard Schwienhorst, N

+b-P, +(1-b)P, +(1-b)-P,

¢j
— Leading order matrix element

— Transfer functions from partons to
reconstructed objects

— Integrate, integrate, integrate

CDF Run Il Preliminary, L=955pb™

1_ | | | -S:ingle top

M b-like
c-like
Mistags

Mtt-bar

—CDF Data

g

Evants / 0.05
]
I
|_

a8 ae
Evant Probability Discriminant

0 0.2 0.4 0.6 0.8
Event Probability Discriminant




Matrix element

Posterior Density: e+u w/ 2+3 Jets and >=1 1

60 DG Run Il _
- .25 i ;
= %‘ C § /\ § 0:5+t=46+'?58
c 5oz ¥ i
. : : 0o
i R
% 15 £ sH
2 r d :
e Ji
C d
0.1F J
IRV
005 5
S 0.9 1 ; % 30
tb+tgb ME Discriminant Cross Section [pb]
2 10* D@ Run Ii
g p-Value = 0.0021 . 18
210° Sig = 2.90 o(stt single top) =4.6 714, ; pb
£ o, =4.672pb
w102

2.9 ¢ evidence for single top

10

0O 1 2 3 4 5 6 7
Cross Section [pb]




Bayesian neural network BB

— e
140

— DO Runll 910 pb'1 Key for Plots
120 E_ ® Data
100 tb

tqb
tt
W + jets

80
60
40
20

Multijets

{ #10 uncertainty
on background
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BNN_output
s+t-channels, tbtgb DG Run Il Preliminary, 910 pl:-'1

%"022;—
§ 0z2C
g 0.18— : :
= 016 .
§ o1 Measured o(stt single top) = 5.0 £ 1.9 pb
& o12F Cross Section

0.12— =5.0%") pb

008
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0.04 : :
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Yield [counts]

Boosted decision trees

8

SM Ensemble

D@ Run Il Preliminary 0.9 ' ‘EIIITIEB 1910
i e+l channel 250 = 287
1-2 tags B \M 1.604
2-4 jets -
- e+l-channel
15 DT>0.65 200l W
s+1=4.95 pb - Full systematics
10~ ) 150}
Slgnal DT 201 entries above
- re iOIl observed cross section
100
5 g p-value: 1.1e-01
sigma: 1.3
- 50
% 200 300 400 500 .
b-Tagged Top Mass [GeV] 0 1 2 3 4 5 b6 7 8 9

Observed tbigb cross section [pb]

tbigb

D@ Run Il Preliminary 910, pb"  [Eniries 68150
Mean 0.525
AMS 0.7963

e+[l-channel

o(s+t single top) = 4.6 =+ 1.4 pb

Full systematics

24 entries above . .
observed cross section 3.4 ¢ evidence for single top

p-value: 3.5e-04
sigma: 3.4

Phys. Rev. Lett. 98, 181902

5 6 7 8 9
Observed tbigb cross section [pb]



No. of Pseudo-datasets / 0.2 pb

Combination

* Use BLUE method to combine analyses

1

Using large sets of ensembles for weights and correlations

D® Run Il Preliminary

A
= - i » —:B.

= Ensemble of pseudo-datasets with ( «:ﬁQ -f:3 QO

= background only (no signal) p=1| 1 057 051 DT

s 057 1 045 ME
u 0.9 fb™' per pseudo-dataset \0.51 045 1 BNN
= 4.8 pb

BN G(s+t) = 4.8 + 1.8 pb

__ == Matrix elements ;

= ..-= Bavesian NNs 3.5 o evidence

- —— Combination for single top

_I L1 1 | L1 1 1 | L1 1 1 | L1 1 1 | L1 1

0o 1 2 3 4 5 6 7
tb+tgb cross section [pb]
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Summary

-1
Dﬁ Run " * = preliminary 09 fb
Decision frees | 4.9 +} j pb
Matrix elements | 4.6 +1 : pb
Bayesian NNs E : 5.0 +1g pb
Combination* E H—o— 4.8 +}g pb
N. Kicbl:nakis, PRD @, 114012 (2006), m, = 175 GeV
| Z. Sulliu‘lan, PRD 70§ 14012 (2004), m, = 175 GeV

! L
-5 0 5 10 15
o(pp — tb+tgb) [pb]
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CKM matrix element |V

CKM Matrix

fa N (v v v V[ d)

/ _
S - vc d Vc:s Vc:b

S
o SRR ALY

Measurement: [V, % f; 1]

— Based on DT result
— Include XS uncertainties s+t-channels D@ Run i

e
-~

— Assume SM top quark decay

e
=1}
T TTT

No constraint on # of generations
Assume f; 1 =1

— lower limit on V

e
[}
TT T

Measurement:

17502

Posterior Density

0.4F
0.3F

0.21-

At the 95% C.L.: o1

th >O.68 DD: .0.5”5”1'5”'1.5'IIIEHIEIZBHH;HH&S: 4
L
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Other single top production searches
Searches for new heavy boson W'

95% C.L. Limit on Coupling - CDF Run Il Preliminary: 955 |:|b"I — 3.5
L 3 o v

12 F ] o -~ D@ 230 pb'1 —e— observed limit
i 1 = ap~
11 // 1 2 377////// — - - expected limit
: ] £25_7// ’ /—v—W’R—>Iorq
7% |2 5 %-,- W', > q only
~ 06 7 s :44 /
fo)] : _ -S 1.5:_ \\
04 L Excluded Region B 8 1:_
L —— Observed Limit for M{W") < M(v) J « -
0.2 | ——— Observed Limit for M(W') > M(v) | a -
_ ———— Standard Model o 0.5:—
oo~ 200 500 600 700 800 900 O T B S S
W' Mass (GeV) 0600 650 700 750 800
* Flavor-changing neutral currents e
% 0-003:— DQ 230 pb’ 95% CL
= i E90% CL
q q o —68% CL
=< 0.002:
g kX

Up quark
or ¢ quark

® " 0.01 0.02 003 0.04
(kS / A)? [ TeV2]



Prospects

_1 Already more than twice as much data on tape

— Smaller uncertainties / improved background modeling
— Improved acceptance (b-tagging, triggering, ...)

— More sensitive multivariate filters
CDF Il preliminary

Expected s+t sensitivity (2005)/_'

significance S /\B

N W A~ OO N

o 1 2 3 4 5 6 7 8
integrated luminosity [ 1/fb ]
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Conclusions/Outlook

* Top pair production cross section measured to 12%

— Individual measurements at 15%

— Daifferent decay channels
— Systematics limited
* Single top 1s within reach

— DO has observed 3.5 ¢ evidence for single top quark
production
— |V > 0.68 at the 95 % C.L.

* Better than 4 6 single top sensitivity expected with 2 fb-1
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Questions for discussion

* How to estimate the W+jets background?
— Normalization?
— Shape?
— Flavor composition?

* How sensitive are multivariate methods to parton-level
modeling?

* What else would you like to see measured?

Reinhard Schwienhorst, Michigan State University
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