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Top quark basics

-

At present, a reasonable amount of knowledge exists on the top quark:

Its mass, m; = 175GeV

0.9741-0.9756  0.219-0.226  0.0025-0.0048
Vekm = 0.219-0.226 0.9732-0.9748  0.038-0.044
0.004-0.014 0.037-0.044  0.9990-0.9993

implying it should decay almost exclusively to Wb

e Based on this, its lifetime. To lowest order (assuming SM couplings):

M= ———[Vp'm3(1 - M&/m?)?(1 + 2Mg,/m?) = 1.8 GeV

m/\m:

Its decay modes: these are simply given by those of the W boson:
bqqg: 2/3, bev: 1/9, buv: 1/9, btv: 1/9 (neglecting o(as) corrections)

N

e Assuming three generations of quarks, its charged-current coupling (PDG '02):

so 1y 0 0(107%2%s, implying it has no time to fragment and instead decays as a free quark

/
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Top quark production at partonic level

\Ao_o quarks can be produced either in pairs or singly: /
tt pair production:

single top production:

I'll be concentrating mostly on tt pair production, as its signature is substantially easier to

recognise. ..
N /
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Folding in the structure functions

Master formula for tt pair production: S
— ~ 0] artons = eV
O.Aﬁ_u N ﬁxv = M\,QXmQXUwMAXm_thwWAX?tNV MRST part Q°=20G
a,b ,.
X @.Am_u - ﬁl_ W.tm. _ﬁﬂv 15 [ -
Relevant range of kinematic variables: S
x: In this case, v§ = 2m:;. B
With § = XaXpS, and /s = 1.8 TeV: Lk -
0.04<x<1
The largest cross section contribution o i
in this large x region is from qq annihila-
tion. S
Q?: The scale normally taken is Q2 = p? =
m?, i.e. well in the perturbative region. T P
X
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Going beyond leading order

\ e Needed to achieve best precision

Type Structure fct. oy (pb) (175 GeV)
NLO MRSR2 48703
Resummed” MRSD 494972
Resummed’ CTEQ3 5.520.45
Resummed* MRSR2 5.06733

N

“Laenen, Smith, van Neerven

TBerger, Contopanagos

*Bonciani, Catani, Mangano, Nason, Trentadue

Conclusion: good agreement between differ-
ent calculations [J excellent test of QCD!

Production cross section (pb)

e However, radiation of soft gluons leads to large corrections in order-by-order
calculations (NLO [J20% (70%) x LO for quark (gluon) initial states)

e Resummation techniques have shown to lead to small corrections beyond NLO, as well
as smaller scale uncertainties:

04 N - BC
9 1 -~ BCMNT
81 N - LSWN
7 Ny

N — NLO
6 -
5 R

Pair production: . -
4 N
Single top RN
N 4
I I I I

150 160 170 180 190

Top quark mass AOm/\N\H

200

~

/
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The tt production cross section measurement

\Pmmc:ﬁ SM top decay characteristics LI final states: all-jets, lepton+jets, leptons Amoooa_m:@/
to decay of W bosons involved):

ggqq: Largest fraction (36/81), but purely hadronic decay mode hard to distinguish from
QCD background even with 6 jets

qglv, ¢ = e, u: 24/81 of all decays: a lepton and E 1 in addition to 4 jets

ggrtv: 12/81 of all decays: more complicated than for e, u due to the T decay modes
¢vlv: 4/81 of all decays: two leptons, H 1, two jets

/vtv, tvtv: 5/81 of all decays: again more complicated due to 1

All channels (except Tvtv) have been analyzed. | won't discuss channels involving t’s.

Notes:

¢ In hadron colliders, there is (almost) always energy and momentum leaking out along
the beam axis: this is not a useful constraint!
— energy balance in the transverse plane is — but this works only to the extent that no
transverse energy from the underlying event escapes undetected [J requires good
hermeticity

/. In all cases, there are two jets originating from b quarks [ b tagging helps! K
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The detector s

<« Silicon Vertex Detector

CDF
Detector

Forward
(Not-To-Scale)

INTERACTION POINT

\_

~

Performance numbers:

e electrons:

o(E)/E = 14%//E( GeV)12%
e jets:

o(E)/E =50%/+/E( GeV)13%
e tracks:

a(py)/p; = 0.0009p; (] 0.0066

(pt in GeV)

e Missing E-:

o(B1)=0.7\/) Er

/
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The detector s

o

D@ Detector

~

Performance numbers:

e electrons:

o(E)/E = 15%/+/E( GeV)10.4%
e jets:

o(E)/E = 45%/+/E( GeV)
e Muons.:

o(1/p) = 0.18(p-2)/p210.003

(p in GeV), [n|<1

e missing Er:

o(Er)=0.019() Er)+1.5 GeV

\
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Objects

4 N

e Jets are reconstructed using cone algorithm on basis of calorimeter energy deposits

1. choose seed clusters

2. associate all energies within a fixed radius R = \/An? + A@? around the seed

3. compute the energy-weighted [f) L] [pL] and, with this as the new seed, iterate until a
stable jet axis is found

Choose R = 0.5 compromise between merging jets (large R) and not containing all of
the jet’s energy in the cone (small R)

e electrons are recognised as isolated EM clusters matched with a charged track (with
quality criteria on the match, shower shape, isolation)
— background from QCD jets faking electrons

e muons are selected based on track segments reconstructed in the muon chambers,
with a matching central track (not a requirement for DQ)

e neutrinos are only reconstructed indirectly from the observed H t (which should be
corrected for any muons)

— doesn’t work well if > 1 v present!

\_ /
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b tagging

-

The b quark distinguishes itself from its lighter relatives in two important aspects:
its long lifetime: 1, =1.5ps 0 c1, =450um. For suffi-
ciently high p; quarks this results in

e detectable displaced vertices (sign according to
jet hemisphere; cut on decay length significance
Ly /Oxy)

Primary
Vertex

-
-

e Or at least tracks with high impact parameters d
with respect to the event's primary vertex (con-
struct discriminant from track impact parameter
significances w.r.t. PV)

CDF has used these methods (discuss only first).

its hard fragmentation and high mass: in semileptonic decays oy Jet
(0 20%) this results in leptons with high p; and high p{® with re-
spect to the jet axis. The lepton kinematics have not been used by
either experiment; rather, the mere presence of a lepton is used
to tag b jets (but large p/®' O easier e* recognition).

e CDF: u, e (but low efficiency for e), D@ u

N

~

Jet Axis

-~ _rel

lepton

/
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b tagging

- SVT checks

-

500

Jets /0.02 cm
w Iy
8 8

nN
o
o

N

600

e apply vertexing

Construct light, b, c MC c144 templates:

e known track resolution functions, eff.

Fit to templates to extract fractions:

100

Heavy Flavor

[l [] Background

0.4

0.3
Cly (cm)

F is derived from MC

e Template fit results cross-checked with
rates expected from exclusive B meson

decays

e Templates cross-checked with etjets
data containing secondary vertices:

1600

1400

1200

1000

800

Jets /0.02 cm

600

400

200

T

T

e Electron Data Tags

— B Monte Carlo

-0.3

-0.2 -0.1

Correct efficiency for semileptonic - generic B decays using MC
(Cfactor 0.7 O 39 3% on average: time dependent due to SVX chip radiation damage)

ct (cm)

CTaff = Lyym/piF: pr, m are momentum, mass of the tracks associated to SV

/
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b tagging: lepton tags

In principle, only irreducible muon cmox./
ground is from decays in flight. . .

In practice, CDF (“thin” calorimeter, nice:

_% > 2 GeV) suffers from punch-through:

\_.m_ﬁo:m from semileptonic decays are soft!
(and typically buried in jets. . .)

L

>

8 ' E i . o

008 need add’l (HCAL) isolation criteria

2 [ Leptons from b decays

8 L .

gooe D@: require p{ >4 GeV

‘mo.o»w :

5002 |- 140

m + L

) S E P EU U I E R H

0 5 10 15 20 25 30 F

© P; (GeVic) 120 ,;

Mo.mm i

< o2 Wpoo r

MO.G b Leptons from ¢ decays % L

3 o BT

s 01 2]

m 0.05 \ _.m 60 -

(VR 0 TR SRS SR NS SO S S R S S T | —

0 5 10 15 20 25 30 20
P; (GeVic)
. . Nolw i
Electrons: tight ID cuts to reject hadrons ,
o Lot BlPR 1S

0 5 10 15 20 25 30 35 40 45 50

e track match, E/p with narrow cone, Ecun (GeV)
dE/dx, PS Reconstruction efficiency obtained from
+,,- +,,- .
o efficiency [(63% ([23%) for b — eX Z — pru, Jy - ptut decays: [D5%

(c - eX) decays from MC (CDF), 060-85% (D).

e check with recoil jets in etjets data e low D@ eff. mainly due to geometric ac-

/ ceptance! K

QCD Topical Lectures: Tevatron Top Physics 16-17 December 2002




lepton +jets: characteristics

-

Some characteristics of tt events compared to W+jets background:

@

Jet 1 .

(b) Jet 2

Arbitrary units

(d) Jet 4

100

(0]
Jet & (GeV)

100 150

\\\\\\\\

(e) Jemn

N

W+jets expected to be the only
“irreducible” background,

o(W+jets) L1 0O(pb),

and the following are not even used:

e b tagging

[1 an easy analysis?

/
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lepton +jets: CDF

\wmm_o selection criteria:
e One isolated, high-p; lepton (p; > 18 GeV)
e significant B+ (Bt > 20 GeV)

e > 3 jets (to account for merging, inefficiencies)

/E_mo HERWIG can be used for estimates)

400
S 350
% 300
250
~200
2150
Q100
W g

0

PRI O I I Ou:rr..L—.l__ |

Electrons

0

Seeing the W (from the M£V = /\N_mH lIpY| - p¢ [py distribution) is easy. ..

Principal background: from W+jets processes. For W+1 parton production:

For W+3 (4) parton production there are 110 ([11300) tree level diagrams to be computed!
Handled by the VECBOS MC program, which doesn’t account for higher order corrections

25 50 75 100 0 25 mo. - _qm_ _ __Hoo
M (GeV/d) MY (GeV/d)

/
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lepton +jets: CDF

0.09
0.08
Do.o7
m“a 0.06
5,005
@ 0.04
F0.03
0.02
0.01

/h. Remaining backgrounds (from Z - t7 17, W"W~, WZ) small, estimated from MC

0.1 g

a)

O Positive Tag Rate
v Negative Tag Rate

b)

O Positive Tag Rate
v Negative Tag Rate

v ¥

2 4

0

6

8

Track Multiplicity

Tags /50 GeV

Tags / Jet Mult.
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30 F
20 F
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© o o o O o o

2 a) >
[}
E V]
+ o
E o
0
e (@]
©
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3 d
PRI R ST |
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Scalar Sum E(GeV)
3 E
=
E o]
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n
- ()]
©
2 [
L1

0 - 2 4 .
Jet Multiplicity

x_.:m main effort is in determining the background. .. For SVT tags:

1. Obtain tag rates from generic jet samples (50 GeV jet trigger)

40
35
30
25

15
10
5

O F

2. Cross-check these tag rates in independent samples (e.g. 100 GeV jet trigger)

60

600

0 . .Nmo. .bmo
Scalar Sum E(GeV)
m_ ﬂ. | IR N
0 2 4

Jet Multiplicity

3. Extrapolate these to tag rates in W+jets samples: use MC to estimate heavy flavour
content as function of number of jets in W+jets (and in generic jets). Nontrivial'. e.g.
gluon splitting scaled up by 1.4 (from multijet sample)
Result: mis-tags contribute largest fraction ([12/3), rest from Wb b, Wce

/
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lepton +jets: CDF

\m::__m: approach for SLT: /

@

e ——

P s b b b b b b b
0 2 4 6 8 10 12 14 16 18 20
P(GeVic)

1. Obtain tag rates for e, u from mul-
tijet triggers (as a function of isola-
tion in case of e*)

Track Tag Rate
g ;
T

0.015 -

(b)

o o
.- oo

+
BACSRRSTIN R0 jv

“pceviy T T +++ I ++++++

0.002 - 0.005 -

o
(=3
&
T

Track Tag Rate
g
T

P I AN BRI BN BRI BRI B SR R
0 2 4 6 8 10 12 14 16 18 20 0 y T R
0 2 4 6 8 10 12 14 16 18 20
P(GeVic) P.(GeVic)

2. Assume the same tag rates for
W+ets events (slight overestima-
tion of background as less gluon
splitting expected in W+jets than in
multijet samples), and cross-check oL [ owa:
with W+1 jet sample - J BG prediction = 34

o
o
=}
=

T

Track Tag Rate Track Tag Rate
E o
o
oL
ok

4 '

o

20 -

=
ol
L

Additional useful cross-check (both
SVT, SLT): Z(- ¢*¢")+jets sample

e 0 x BR [factor 10 below
W(- £v)+jets

overflow bin

Tags /1.8 GeV/c
——

e but find good agreement between o 25 5 e e
expected, observed number of

/ tagged events \
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lepton +jets: CDF

Results:

N

SVT SLT
Etag (%0) 39+3 1842
ggeom (%) 10.4+1.0
Erig (%) 90+7
Eotal (%) 3.7¢0.5  1.7+0.3
observed events 34 40
background 9.2+1.5 22.6%£2.8
oz (pb) 5.1+1.5 9.2733

/
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lepton +jets: DY
4 N

left: QCD multijet, right: tt
top: etjets, bottom: u+jets

Basic selection criteria similar to CDF'’s:

(o) - (6)

150 — E =

e oOne isolated, high-p; lepton (p; > 20 GeV)
e significant B+ (E1 > 20 GeV)

100 — —

e >3 jets

Ap(u,E.™) [ degrees 1

150 — —

U tagged events:

1. Additional (B1,A@(E T, u)) cuts needed due | |
to inferior 4 momentum resolution

0 ;
f I I T I I
0 50 100 150 0 50 100 1560

E™ [ GeV]

\_ /
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lepton +jets: DY

-

N

2. use data to estimate light jet tag rates:

apply e*, isolated u mis-tag rate to sam-
ples satisfying all but these ID criteria.
From loose - tight e ID:

Nigose = Ne*Niggie,

— f
Niight = & Ne * & Nage

with ¢ derived from Z - e*e”, &/ from
“loose” e+jets without B 1
[l solve for N¢gpe

estimate W+3 jets background (domi-
nant contribution) from W+1 jet, W+2
jets

electron+]jets (topological) — 1A1B

10° -

Minimum Jet Multiplicity
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lepton +jets: DY

-

Only u SLT tag available OO find other ways
to improve background rejection:
Tour de force #1: topological selection

1. >4 jets (B > 15 Gev)

2. Further selection on event topology:
o Hy = MU_.mﬁm E+ > 180 GeV

e Aplanarity: 4(jets+W) > 0.065
diagonalise momentum tensor

Qj = MU_o__A_o_._A / Mu_mx_m
k k

to obtain OH < ON < Ow_ OH +ON +Ow =1
0 0<A=3Q:1<05
(simililarly: 0< S = 3(Q1 +Q2) <1)

o Ef =HF1+|pf| > 60 GeV

N

0.3 — :

Multijet i X7 W+jets MC ! 385 pb'|
0.2} -
0.1} .
2
g 0, m
ﬂlao.c : ° m

Z |t wmc 7ot Data : 105 pb*
0.2 - :

500 300 4000 100 200 300 400
H; (GeV)

At this point, the background is dominated
by QCD multijets and W+jets events
In the following, will concentrate on p+jet

events
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lepton +jets: DY

-

1. Estimate QCD multijet background from
a control sample of u +n jets, n = 0:
e assume isolated u [1 accompanying

jet not reconstructed, estimate from
E+ <20 GeV sample:

#isolated u, n jets
#non-isolated u, n+1 jets

P(isolated u) =

e apply this probability to £+ > 20 GeV
sample

This procedure gives the QCD predic-
tion for 1, 2, 3, 4 jets

2. After subtracting QCD, the remainder is
WH+jets: extrapolate from W+1 jet, W+2
jets to W+4 jets

e Would be nice to use also W+3 jets
for extrapolation — but this is ex-
pected to contain tt!

N

~

3. Apply QCD, WH+ets efficiencies for
topological cuts

e Determining the probability to find
a U needs statistics [J topological
cuts not applied

Results:

/+jets (topological) /+jets (u tag)
e[BR (%) 2.28+0.46 0.96+0.15
background 8.7+1.7 2.4£0.5
observed 19 11
O 4.1+2.1 8.3+3.5

/
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di-leptons

-~

N

e 2 leptons, 2 b jets, significant B 1
Main backgrounds:
® />\+<<I — N+NIN<
(reject using topology: Ht)

o WH+jets (with mis-identified e*)
e Drell-Yan 717 - £*¢76v

b tagging not necessary!

Results:
CDF: oy =8.2"34pb
D@: 0;=6.4+3.3 pb

The signature for leptonic decays of both W
bosons is significantly more pronounced:

e For ee and puu channels: z/y° - ¢4
(reject using invariant mass cut)

a)

wut

Events /2 GeV
5§ 8 8 8

N
o

0

NS W e L
0 10 20 30 40

Max(E,(e),P;(1)) (GeV)

50

il RS EEEEE EEE
0 10 20 30 40 50
Min(E;(e),Py(1) (GeV)

o
> 50 c) 950
v o
O 40 840
™ o
m 30 m 30
nnu 20 m 20
. f ¢
10 + L 10
o b 1 T 0
0 20 40 60 0 50 100 150
E (GeV) Ad(e4) (Degrees)
—
2
m 3 Z_.m_mN 2
.m L ® ce
1y L
~ |
= 25+ e
o) r * el
_ L
S L[
[ L
o L
=
o
@ 15f
W *
{m-\ 1+ .“I R x4k
3 [ .
-,u.- *
05Fa.,
oL h | [ |

/
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all-hadr onic mode
4 N

No (isolated) leptons or E 1 in this mode. ..only 2 b jets and 4 light quark jets

Conditio sine qua non:
e >5 jets (for CDF; 6 for DQ)

e One b tag

Two possible approaches have been followed by CDF:
1. two (SVX) tags

Results:
2. topological cuts

~ 2 btags topological

e Hi/V/E>0.75 Eale e
e[BR (%) 3.2+0.8 9.9+1.6

e 7>-0.0025H+3+0.54
N background 123+13 16511
where Hrs = Hr - EX - Ef

observed 157 222
oq (pb) 11.54¢5.0723  9.6+2.9%33

N /
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all-hadr onic mode: D@

\_uoocm on the DO topological analysis:

tour de force # 2

AN

(u tagging not performant enough to require two
tags)
After jet selection: 600k data events

Tag Muon p; (GeV/c)

N N N
© v U U1 O W
L
[ ]

(expect 0200 tt) O hopeless?

100 120
Jet E; (GeV)

| w

1. Use NN, with as input:

10

‘I\.)
L

e topological variables:

102

10 -

* jet E;range < 35.8 GeV
A jet E; range 35.8—-60.7 GeV

A jet E; range > 60.7 GeV
; w%»%ww

Yetaaty

e measure of jet widths (tt: mainly quarks,
QCD: mainly gluons)

e measure of compatibility w/ W & (equal)
top mass constraints

e p!' of tagging u

N

2. Train NN with tt signal MC and un-
tagged data as background

e don't rely on QCD MC
e but NN needs u tags! Solution:

“add” muons with measured p;
spectrum to untagged events

f Mits

20 30
Tagging Muon p; (GeV/<¢)

/
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all-hadr onic mode: D@

e e
3. Require a tagging p associated to a jet R
(AR <0.5) notet
4. Require pf' > 4 GeV to suppress decays in = =
flight. 5 :
s . | | |
5. Construct a tag probability (derived from a "1 0
.- . . . of jet
multijet sample) for a QCD jet to give rise to . o
m ﬁ@.@ M 0.02 D.m 0.02
e as a function of jet E+, n, time", (/) S oo g ooi
and computing each event’s tag probability 000" o 200" 0
. . . E; of Jet (GeV Ep of jet (GeV
as the sum over its jet tag probabilities
0.03 0.03
o) o
° 002 ° 0.2
“due to muon chamber radiation damage SR SR
o.ooo‘ 100 o.ooo 100
E; of jet (GeV) Ep of jet (GeV)

\_ /
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all-hadr onic mode: D@

6. Cross-check NN input variables for
tagged sample with those obtained wo L @ 500
from tag probabilities applied to un- L e )
tagged sample
500
7. Fit NN output to sum of signal & back-
@WOC—JQ mjmﬁmw ’ 0 50 100 150 .,moo
500 coo
1000 ¢ 0 0
200 Signal+Background 500
L 250
100 — 0,
” F 0 = 11 [ oepepere 0 TR O AN I i o
m @OH\ S0 0 0.1 0.2 0.3 0 0.2 04 06 0.8 1
m [ 500
10
@w\ 0 0 Poregorroppoes
H st
| e s R TR RLRLRIRRRIRS
0.0 0.2 0.4 0.6 0.8 1.0
Neural Net Output 0 0 e
-0.2 -0.1 0 0.1 0.2 03
500
Result: o0;=7.1+2.8+1.5pb
0
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Top cross section: results

Top Cross Sections

CDF combined 6.5%% pb Note that | haven't talked at all about

Dilepton 8.4%%% ob systematic uncertainties.

L+jets, SVX tag 51+ 1.5pb
L+jets, SLT tog 92 + 4.3 pb o _:. general, the _m_@mmﬁ.c.:oﬁ
All jets N 10,1255 pb tainty comes from the efficiency,
7=Dilepton | R 10.2%5 pb which depends on the assumed
DO combined 59+ 1.7 pb HOG mass.

Dilepton 6.4 £ 5.5 pb e The next largest contribution (es-
L+jets, no tag 41+ 21 pb iallv for the all-had i ch
L+jets, SLT tag 8.3+ 3.5 pb pecially tor the all-hadronic chan-

Al jets 7.1 £ 3.2pb nel) is from the uncertainty on
the jet energy scale
Theory 4.5-6.0pb .
[1 see next topic

0 5 10 15 20
ox (pb)

N /

QCD Topical Lectures: Tevatron Top Physics 16-17 December 2002




Top mass

N

mom I ! I | T T T | T T T T
| —LEPL, SLD Data
80.51 68%CL
>
e -
O, 80.4 i
W .
= H
80.3 - N
m, [Ge o 1
80.2 114 w_uO_ 000/ __u_qm___B__:m_J\
130 150 170 190 210
m, [GeV]

In the grander scheme of things,
among the most important tasks
of the top quark mass are:

e constrain global EW fits

e (in the SM context) predict My

The Tevatron is the only place
where m; can be measured
directly!

m; analyses have been carried out
for all three (lepton+jets, dilepton,
all-hadronic) channels

Many analysis details (selection
criteria, tag rates, ...) are the
same as for the cross section
analyses

[ will not cover these

/
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Top mass:lepton +ets

N

D:m_<mmm strategy (follow D@):
1.

2.

Require = 4 jets, and use leading 4

Correct jet energies to “parton” level
(see next slides)

Apply a 2C Lagrange multiplier kine-
matic fit to tt — ¢vbqqgb:
e one unknown: pJ
e three mass constraints:
— Myy = Mgg = Mwy
— Mgyb = Mygy
There are 12 ways to assign the jets (6

if one Is tagged): try all, and use the
combination with the smallest

XN = OMU.@Q INB@WM%.<$ONQ®Q Ivm.BmmmV

where X represents the (jet,¢,v) kinematics,
and V the corresponding error matrix
[ fitted mass my;; for each event

5.

~

Compute signal likelihood D for each
event (see later)

Do all of the previous for signal, back-
ground “templates” as well

Fit 2D (D, mg;) distribution to templates
for various assumed m;
[ likelihood as function of m;

Extract m; from likelihood curve

/
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Intermezzo: Jet energy scale

\A:m measured jet energies have to be
corrected before they can be interpreted as
parton energies:

Emeas — O
R(1-S)

Ecorr =

where:

O: offset due to multiple interactions,
underlying event, 238U radioactivity
determined from comparing data at
different luminosities; zero-bias triggers

R: calorimeter response
determined (as function of m_.mc from
y+jet events, using EM scale as
reference (use known Mz)

S: correction for radiation effects
determined from MC, separate for light
quark jets, tagged b jets, untagged b

/ jets (depends on jet assignment)

Q|

Q
Q|

r+
+ T

+ x,HTTAT ot

x,v
gt +++ ++ +++ +++++ ++ +

20 40 60

PR AR AR RRTITI R
80 100 120 140 160 180 200
ET(PHOTON)#cos(ETAJET)

Jet Response vs Eprime (no cuts)

\
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Intermezzo: Jet energy scale

4 N

Notes:

e jet energy resolution is dominated by radiation rather than by detector effects!
e jet energy scale uncertainty: og = 0.025E + 0.5 GeV

CDF uses E/p to measure energy scale, then cross-checks using y+jet events

0.1
1000 (@ m Unsmeared,
Mean: 170 w parton level,
500 4 Width: 2.4 _m no radiation.
7
O 8 0051
, , T , o || T B
oL E .
% 200 (b) Unsmeared, N
Mo Mean: 163 generator level, w 0 b + H W ,
9 100 - Width: 25.6 radiation on. £ + ] + ﬁ , 7
m kel
i 2 L T
, , T © A
2
200 | (c) Full detector -0.05
Mean: 165 simulation.
100 - Width:
, f , T -0.1 , I ,
100 150 200 250 20 40 60 80 100
Fitted mass (Gevip E; (GeV)

\_ /

QCD Topical Lectures: Tevatron Top Physics 16-17 December 2002




Top mass:lepton +ets

\2 this point, the background is from W+jets
and QCD multijets (as for the cross-section
analysis).

Plot signal and background distributions s;,
b; of variables x; only weakly correlated to
m; (and among each other):

I.ﬂN = IA. _ m._._.p D_nm_.m:_s _mﬁ.:_:
’ 1. L
P+ Py 1+ >zl Ev

o By, 2

From these distributions, construct a likeli-
hood for an event to be tt as opposed to
background:

Li = si(x)/bi(xi),

oLl

D = i1+ 1)

/_uoq untagged events, cut on D

50

100 0

01 02 03
X, = Missing E X, = Aplanarity
05 1 15 2 0 0.5 1
Xw Xh
‘ ot Signa
||| Background

0 02 04 06 08 1

\
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Top mass:lepton +ets

-

Fit results:

m; =173.3 £ 5.6 GeV

10C Fit mass

4 r

3 [

——data
e fit
a bkgd

.:jw

sl s

A

A

True mass

200

& AlnL M

o

Ala

A

°
A I

[ ]
DOO
D,>

160
Fit top quark mass AOm/m\H

200

240

Systematic uncertainties:

~

Source a(m,) (GeV)
Jet energy scale 4.0
tt Modeling 1.9
Background modeling 2.5
Noise / multiple interactions 1.3
MC statistics 0.9
Fit method 1.3
Total 5.5

CDF have obtained similar results:

m; = 175.9 + 4.8(stat.) = 4.9(syst.) GeV

where the systematic uncertainty is again
dominated by the jet energy scale uncer-

tainty (4.4 GeV)

\
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Top mass:dilepton channel

x_. our de force #3 (and an exercise in advanced statistics)

2. Assume my
e just enough constraints to “solve” system
e but not enough to estimate goodness of constraint??

3. ...But the event should also be consistent with dynamics!
e Mass-dependent top decay spectra from SM couplings

AmES(MZ — m2 — 2mE()
(mZ = m2)2 + Mg (mZ + m2) - 2M{,

do
P(E§Imy) O 0
dE.

where E{ is the lepton energy in the top rest frame

e Parton x values fixed by choice of m; should be
consistent with known parton distribution functions

[1 weight each event, for each assumed m¢, with

w(my) = N(m)P (EE [my)P(ES I f (Xa)f (Xb)

/ where the normalisation N(m;) ensures [Ww(m;)[ =1

Normalized W(r)

1. Two v in final state rather than one O underconstrained (“-1C") system

For all (6!) events:

@

(b)

P A R B
100 150 200 250

N S
200 250

(©

e
100 150

@ |

ee

. P . .
100 150 200 250

S,
100 150

200 250

(e) ee + b-tag

®
Ky

s e
100 150 200 250

R, L
100 150

m, (GeV/é)

200 250

\
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Top mass:dilepton channel

\h. Resolutions have to be accounted for: 5 /
e each event’s kinematics is smeared Tasl 161 & oo
many times, and the result is aver- M | MWT M boe
aged m : | HBW T8
(the small event sample helps here...) ¥ W @M%
. . . 2f 7100 200
5. Also average over pairings of jets with m ——— m,
leptons 151 | "
. o 1y
6. Obtain corresponding distributions fs, : |
: ) 0.5F | R |
fp for signal, background; normalise : s
0 O — 7 ]

data, signal, background to 1 100 125 150 175 200 225 250 275
Top Quark Mass

7. Fit signal, background, true m; to
binned w(m;) distributions
m; = 168.4 + 12.3(stat.) £ 3.6(syst.) GeV

; = 1 mlASUlmcvm\NG.m Ajw + SUVZ ®|A3m+scv

— Systematics again dominated by jet energy
V 2T10p N scale (2.4 GeV). Similarly for CDF:

S s fs({W 3iImo) +np fo({w )

Ns + Ny

\_ /
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Top mass:all-hadr onic channel and results

\OD_H have also performed a mass measurement Again, the largest systematic c:omv/
in the all-hadronic channel (not accessible to DG tainty in the result

because of overwhelming background):
m; = 186 + 10(stat.) £ 8(syst.) GeV
e Analysis as for cross section, but require 6

jets; relax Hy cut, require only 1 b tag IS due to the jet energy scale uncer-

e Apply 3C kinematic fit, assigning tagged jets ~ @NY---

to be b jets [

Combination:
30 combinations (6 in case of 2 b tags),
choose combination yielding lowest x 2 "
CDF dilepton —o— 167 £ 11
CDF lepton+jets — 175.9 £ 7.2
Wa L e Doto H : ] CDF all jets S 186 + 12
3 3 Top = TF . :
ToF o Background rm\ s CDF combined I.v| 176 £ 6.5
N £ 2F :
Tl T b
[ H
N ot DO dilepton —e i 168.4 £ 12.8
LW,,,,,,,,,,,,
pry s aoaon ﬁwm Am%\\ouv DO lepton+jets + 173.3 £ 7.8
2 DO combined —.— 172.1 + 7.1
15
10 Tevatron combined - 174.3 £ 5.1
5 T T T T
120 140 160 180 200 220
L o b b by | L .

100 125 150 175 200 225 250 275 300 3» A O O/\v

/ Reconstructed Mass (GeV/c?) \
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Single top production

@ N

As said in the beginning, [Vy| = 1. This is true only in the case of three generations. For
more generations the CKM matrix elements are significantly less constrained:

( 0.9721-0.9747 0215-0.224  0.002-0.005 ...
yo _| 0209-0227 0966-0.976  0.038-0.044
CKM —
0-0.09 0-0.12  0.08-0.9993 ...

This cannot be tested with tt production, as
e the extra generations are presumably large [1 no additional top quark decay modes
e the top decay width cannot be measured (< experimental resolution)

However, it would show up as a decreased single top production cross section OV [

The cross section would also be sensitive to other extensions of the “known” electroweak
interactions

e extra gauge bosons coupling specifically to the 3™ family, extra scalars, . ..

e many of these lead to an increased cross section

\_ /
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Single top production

4 N

The SM single top production cross section is of the same order as that for tt. At NLO:

o(gq'q - th) = 0.73+0.10 pb
o(g’'g - tgb) = 1.70+0.24 pb

However, the background situation is much worse: two (one) jets less for the s-channel
(t-channel) process, and lower §, so QCD and W+jets are expected to be overwhelming

D@ has been brave enough to try nevertheless. ..

102

Keep | Reject " ¢ DgData
— Background

10 - ff

Result;

............................. o(q'g - tgb) < 58 pb,
- o(q'q - th) < 39pb

No. of Events

5 h.ﬂ 89 131 “_._Nw 215
Er(jet3) + 5 x Ey (jetd) [GeV]

N /
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An oppor tunity for Higgs searches

\Oo:m_gﬁ the following process: /

02—
g (a) m%m%ﬁ&é [pbl4
q t 10 ¢ M,=175GeV 1}
— —-H
q t
(and with H branching off t) M. [GeV1
e adds another heavy boson to already heavy
tt system . —My=120 JLdt =15 fb"?
. .. 5 it + et My =120
e but coupling gwy = m/v O non-negligible - e M- —130
R — tt +jets

Cross section

This final state has a low cross section (requir-
ing full Run Il luminosity), but is practically back-
ground free (backgrounds from ttjj, ttw, ttZ)

e W*W~bbbb for My < 140 GeV L
_ 0 50 100 150 200 80 120 160 200
e W"W-W*W~bb for My > 140 GeV Myhb[GeV] Mpb[GeV]

N /
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Prospects for Run Il
4 N

e Top quark analysis in Run | at the Tevatron has been challenging, but very rewarding

— analysis of Run | data is in fact still going on: so far we’ve been smart only where it
was really necessary!

*x a new D@ m; analysis (with substantially reduced uncertainties) has been
presented at conferences

e In Run Il (0(10 fb™1)), expect improvements in several areas:
— statistics: factor 100 from luminosity, factor 1.4 from increase of 1/s: 1.8 — 1.96 TeV
— b tagging: both experiments have improved their tracking and vertexing

— systematics (especially for m¢): jet energy scale uncertainty is to a large extent
statistics dominated

— systematics: effects of e.g. gluon radiation are becoming better understood [ more
reliable MC predictions?

These improvements won’t come overnight — but Run Il data are being analyzed now!

- \
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