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The Top Quark
* Why is the top quark interesting?

* How to identify the top quark
— B-tagging plays key role

 How to measure the top quark mass
— Jet energy scale critical



Why Is the Top Quark Interesting?

Heaviest known fundamental
particle
— Today:

* My,=172.0+-2.7 GeV

— Before run 2:
* M,,,=178+-4.3 GeV/c?

Is this large mass telling us
something about electroweak
symmetry breaking?

Related to m,, and my;:

_ mW"'Mtop2

— my~In(my,)

If there are new particles the
relation might change:

— Precision measurement of top
quark and W boson mass can
reveal new physics

80.5

H

.”\ .‘\

(Preliminary)

68% CL

| Il LEP 2 and Tevatron _

SM broken
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Production and Decay

« At Tevatron, mainly produced in pairs via the strong interaction

q t ‘ 9 t
85% (010101010’ ., OO0 15%
9 \ / g
q t /'9 t

- Decay via the electroweak interactions  Br(t =Wb) ~100%
Final state is characterized by the decay of the W boson

Dilepton

W ( 2
Lepton+Jets t . =
All-Jets b

Different sensitivity and challenges in each channel



How to identify the top quark
SM: tt pair production, Br(t—=bW)=100% , Br(W->lv)=1/9=11%

dilepton (4/81) 2 leptons + 2 jets + missing E;
[+jets (24/81) 1 lepton + 4 jets + missing E;
fully hadronic (36/81) 6 jets
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Top Event Categories

Dileptons

Oe-e  (1/81)
H mu-mu (1/81)
B tau-tau (1/81)
Oe-mu (2/81)

Oe-tau (2/81)

B mu-tau (2/81)

B etjets (12/81)

B mu+tjets(12/81)

M tau+jets(12/81)

Ojets  (36/81)
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Finding the b-jets
« Exploit large lifetime of the b-hadron
— B-hadron flies before it decays: d=ct \ Secondary

X

 Lifetime t =1.5 ps™’

Primary ~_-~

b d=C1: = 460 Mm vertex '
 Can be resolved with silicon detector resolutio/%
* Procedure “Secondary Vertex”:

— reconstruct primary vertex:
 resolution ~ 30 um

— Search tracks inconsistent with primary vertex:
« Candidates for secondary vertex
« See whether three or two of those intersect at one point

— Require displacement of secondary from primary vertex
 Form Lxy: transverse decay distance projected onto jet axis:
— Lxy>0: b-tag along the jet direction => real b-tag or mistag
— Lxy<0: b-tag opposite to jet direction => mistag!
- Significance: L,, >7 3(L,,) i.e. 7 sigma

Lx)f,/’

y
A X
z

prompt tracks
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 Efficiency of tagging a true b-jet
— Use Data sample enriched in b-jets
— Select jets with electron or muons

— Measure efficiency in data and MC

L 0.7
= F

T 0.6

s
= 0.5
@

904

I
JRCKEL:

0.2 F

a1
0

Characterise the B-tagger: Efficiency

* From semileptonic b-decay

SecVix Tag Efficiency for Top b—Jets

Tight Secitx
Locse Sechix

_ Top MU scaled to match data
E Only b—jets with Inl<1

20 40 sl gG o 100 120 140 160 180
jet E; (GeV)

b—tag efficiency

electron
jet

SecWix Tag Efficiency for Top b—Jets

Achieve about 40-50%
(fall-off at high eta due to limited tracking coverage)

0.6
E Tight Secitx
9.9 F Loose SecVix
0.4 F
0.35—
G.zf—
a1 _ Top MC scaled to match data
" Only b—jets with E;> 15 GeV
D-IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII 1
o ¢2 04 06 08 1 1.2 14 16 1.8 2
jet 7
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Characterise the B-tagger: Mistag rate

« Mistag Rate
measurement:

— Probability of light quarks
to be misidentified
— Use "negative” tags: L, <0
e Can only arise due to
misreconstruction
— Result:
« Tight: 1% (e=40%)
» Loose: 3% (e=50%)
— Depending on physics
analyses:

« Choose “tight” or “loose”
tagging algorithm

mistag rate

displaced

Secondary
vertex
\ Lyy .
Primary ~_-~"
vertex dO
/ -" y
A X

prompt tracks z

SecWix Mistag Rates

F Tight Secvix
0.05 - Loase SecWix

&
22
I

Cnly jets with k<

-« BN BN B B B B B
20 40 60 eG 100 120 140 160 180
jet E; (GeV)
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Jet Probabillity

o Complementary to full track significance probability {p1403)
secondary vertex e trig DATA ot
reconstruction: . = D@

— Evaluate probability of :\\‘k i
tracks to be prompt oo SR m'w- -
« Multiply probabilities of g 5
individual tracks together % 010203040506 07009 - b 010203040506070809 3
— “Jet Probability” MC oot T
- Continuous distribution - 1 T
— Can optimize cut valued o 1 Ml ative
for each analysis = sl
— Can also use this well for <\ — %L
charm ¥ 070203040506 07 0883 1 G GToT0eTOSESOTONOg
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Neural Net B-taggin

CDF Il Preliminary

w 0.3F . ]
« Rather new for CDF and DO! LIS s e
. . . = - [ light jets
— Nice to have continuous variable 2 02 =
— Can be optimised depending on SoA5Fi
analysis requirements 04E .
« Several strategies 005t i
— D@ uses 7 input variables from Y Ty S
their three standard taggers NN output
* increase efficiency by 30% or purity 0 Preliminary Tagger
by 30% over any single one g | B
— CDF uses 24 variables on top of ° Py =
SecVix only % o
- Improve purity of tags by 50-70% w2

« Sacrifice 10% of efficiency

B
(=)
T T T

w
(=)
UL L

[ p, > 15and Alln |




The Top Signal: Lepton + Jets

o Select:
— 1 electron or muon
— Large missing E-
— 1 or 2 b-tagged jets
1 1 ‘missing ET ‘
CDF RUN Il Preliminary(695pb ) CDF Run Il Preliminary(695pb )
a —e—Data “« L ——Data
§ [t (8.2pb) S 1201 [ t¥(8.8pb)
@ [ Non-W QCD i i [INon-W QCD
' []Diboson %5 100 [ Diboson
. [ Single Top 5 g [ Single Top
e I We Pt = Il \Wcc
E [ Wee E M [ Whb
i — el = o MY 45 double-tagged
Events, nearly
no background

= _
WHljet  W+e2jet  W+3jet  W+>4jet W+ljet  W+2jet  W+3jet W24 jet

| Jet Multiplicity Jet Multiplicity

Check Top Signal o(tf) = 8.2 £ 0.6 (stat) £ 1.1 (syst) pl%
1

backgrounds




Data and Monte Carlo

b-jet p;, 1-tag(T) + 2-tag events

50

40

30

20

10

60— CDF Il Preliminary, 680 pb™

|

50 100 150

| & & |

KS prob=40.4%

8 Wbb

Bl W+jets

] Non-W QCD

Ittt (M=172.5)
« Data

|
200 250 300
GeVic

Reco ttbar p,, 1-tag(T) + 2-tag events

45
40
35
30
25
20
15
10

cc

CDF Il Preliminary, 680 pb'1

ttbar p;

KS prob=779%

8 Wbb

Bl W+jets

] Non-W QCD

Ittt (M=172.5)
« Data

K]

20 40 60 80

P T R S T RN TR
100 120 140
GeVic

W-jet p;, 1-tag(T) + 2-tag events

60

50

40

30

20

10

%

CDF Il Preliminary, 680 pb'1

{ + W-jet p;

KS prob =9.0 %
@ \Wbb

Bl W+jets

[ Non-W QCD
It (M=172.5)

« Data

20 40 60 80 100 120 140 160 180 200
GeVic

Reco ttbar mass, 1-tag(T) + 2-tag events

- =k =k =k o= NN
O N B OO ON

N O 0

S
o

CDF Il Preliminary, 680 pb'1

KS prob =32.4%
B Wbb

Bl W+jets

[ Non-W QCD
It (M=172.5)

« Data

600 700 800

GeV/c?
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The Top Signal: Dilepton

« Select:
— 2 leptons: ee, eu, uu
— Large missing E-
— 2 jets (with or w/o b-tag)

‘ missig ET ‘

w/0 b-tag with b-tag

180k CDF Run Il preliminary (750 pb™) | Bl wD@ Data D@ Runll Preliminary, 370 pb”
—e— Data 1 L B
160 [ 2 Bkgd = o uncertainty _ _Dtt
[Jtf(s=83ph) ] 20:DZ — ee, uu
140} %\Drv:rwwz _ :DZ - L
w 120f ) Do ] -Eww o
‘g 100 : ] 15 lMultijet/W+jets =" =
> ] i
W gof L : ] - ‘
40 - : 3 L ’E//./
20F g = /frl
0 et 1 Jet >2jet  HT>200 + OS
Jet Multiplicity after Z veto, MET > 25 GeV and L-cut .0
1 2

Number of Jets

0=8.3x1.5(stat) £1.1(sys) pb
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The Top Cross Section

I:l Cacciari et al. JHEP 0404:068 {2004) Assume m=175 GeVic’
Kidonakis,Vogt PRD 68 114014 (2003) CDF Preliminar‘y‘

‘Dilepton

L / 8.3+1.5+1.0:0.5

. o

Lepton+Jets: Kinematic '

Leptons.et / 6.0:0.6+0.9:0.3

‘Lepton+Jets: Vertex Ta

Loplon+Jet 9?% 8.2+0.6+0.9+0.5

E .

Lepton+Jets: Soft Muo 1.3

sptomJets ":% 5.3:3.3 +13:0.3

"MET+Jets: Vertex Ta a 1.4

(L= 311 pb ) ? % 6.1:1.2 +,,+0.4
— . L |

'All-hadranijc: Vertex Tag// 8.0+1.7 +3.3+0 5

(L=311pb") / e ¥ ek

‘Combined

oz, Ml raasesns

| | | | | | | | | | | | | 1 1 | | | | | | | | | | |

0 2 4 6 8 10 12

o(pp — tt) (pb)

14

o(pp —> tt) (pb)

12

10

ol

| CDFRun1 CDF Run 2 Preliminary ]
Combined 110 pb™ Combined 760 pb™

[ ] cacciari et al. JHEP 0404:068 (2004) m=175 GeVic?

1800 1850 1900 1950 2000
\s (GeV)

Measured using many
different techniques

Good agreement
— between all measurements
— Between data and theory

Data precision starting to
challenge theory precision
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Top Mass Measurement: tt—(blv)(bqq)

q

« 4 jets, 1 lepton and missing E- ‘WIJ—"<
— Which jet belongs to what? g g t. 8 L
— Combinatorics! Qe1C1CL0) Ll

» B-tagging helps: /""-__‘ L
— 2 b-tags =>2 combinations q YN vl

— 1 b-tag => 6 combinations
— 0 b-tags =>12 combinations

« Two Strategies:

— Template method:
» Uses “best” combination
« Chi2 fit requires m(t)=m(t)
— Matrix Element method:
« Uses all combinations
« Assign probability depending on
kinematic consistency with top

Tl
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Top Mass Fit

2-tag 1-tag(T)

Inputs:

“; 1000- [ Al Events "E %388: [ Al Events
— Jet 4-vectors > 800- RMS = 27 Gevic’| 2> 12385 RMS = 32 GeV/c?
Qo ; [l Corr. Comb (47%) o 1200E [l Corr. Comb (28%)
— Lepton 4-vector % 600 RMS = 13 GeV/c’ Q1ggg_ RMS = 13 GeV/c?
. m :_
_ R ining t £ 4007 £ 600"
emailning transverse S 200" S 400°
. Z 200:
ener ; i W L
9Y, Pr.ue 05760 150 200 250 300 350 0500 150 200 250 300 350
* pT,V_'(pT,|+pT,UE+ZpT,jet) m;*°(GeV/c') m**°(GeVic’)
Constraints: _ dtag(l) 500 0-tag
LN 700; PN g_
— o g [J All Events © 800¢ [J All Events
_ M(IV)_MW = ggg RMS = 31 GeVrc?|  => gggf RMS = 37 GeV/c?
— Qo 3 [l Corr. Comb (18%) o 3 [l Corr. Comb (20%)
_ M(qc_l)_MW © ggg— RMS = 13 Gevic’| 12 igg‘ RMS = 12 GeV/c’
R 7 - 7] 3
— M()=M() 5 200 5 200,
- w o 100%
Unknown 0100 150 200 250 %00 350 0100 150 200 250 %00 350
— Neutrino pz m{*°(GeVlc") m{*°(GeV/c")

1 unknown, 3
constraints:

— Overconstrained

— Can measure M(t) for each

Selecting correct combination

20-50% of the time

event: m,ec° ’1




Events/(15 GeV/c’)

Events/(15 GeV/c’)

Top Mass Distributions

CDF Run Il Preliminary (680 pb)

16F
14k 2-tag: 38 events
120
10F Data
8t ,
6E Signal + Bkgd
ar @Bkgd only
2F
05580~150 200 250 300 350 400
"™ (GeV/c)
12F
1-tag(L): 61 events
10F
8
61
4F
2r —:.:.:.:.:...a,-.
R s S

I
100 150 200 250 EUD 350 400
m[“‘“{GeWc}

Events/{15 GeV/c’)

Events/{15 GeV/c?)

30
25
20
15
10

5

1-tag(T): 105 events

i

0#0‘#0#0? ""!

0 100 150 200 250 300 350 400

m"™ (GeV/c)

0-tag: 97 events

-
oy, -
-..-r.t?t‘.'i!E+!+!+!¢E}!¢!¢.¢.ﬁ.1.r. e

100 150 200 250 320[) 350 400
mi* (GeVic)
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Jet Energy Scale

| I

« Jet energy scale

— Determine the energy of the
partons produced in the hard
scattering process

— Instrumental effects:

* Non-linearity of calorimeter
* Response to hadrons
» Poorly instrumented regions

— Physics effects:

* [nitial and final state
radiation

* Underlying event
 Hadronization P
» Flavor of parton

e Test each in data and MC

“calorimeter jet

auil ]

“parton jet” “particle jet”

p particle _ L preasured o £ — MI J X

T, jet

PT;mrmn — P particle UE + OOC

T, jet

iths ?

T, jet



Jet Energy Scale Studies

Measure energy response
to charged particles
— Test beam and in situ

— CDF: Response rather non-
linear

— D@: compensating =>has
better response

« Some compensation “lost”
due to shorter gate in run 2

CDF uses fast
parameterized showers:
— GFLASH

— Tuned to data

DO uses full GEANT

=
i

=

1

og [

R

[ o ‘ 5 Single track data _
e )
3 o Single track MC b
. g Minimum bias data
N In-situ Minimum bias MC
1 10 10— v rrn
[roilaeVic)
i b 4 ok ek |
L test beam .
[ « Test beam data
5 z Test beam MC

10 e 4 e
I':I I:_ I-\-le .'.'I ."': I
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Testing Jets in Photon-Jet Data

008 Cone 0.4 008 Cone 0.7
Jlr--:r llL 1 0.06 — 0.08
0.04 C-.I.'IJ1-—
0.02 0.0
o | |
= Op= T | ] [ N o 0 (P P AP P
= -1 08 06 04 D2 0 02 04 06 08 -1 08 08 04 02 0 02 04 06 0B 1
: Py Ip-1 : "
. et V-
i 1.2 pr/pr-1
i I I i ':"1"""I"I"I"I' II
008 Cone 1.0
: e Data
0.06 .
— Pythia
004 - Herwig
0.02
':'- N i IPIREP PN | | | I X -
-1 08 06 04 D2 0 02 04 06 08

F‘?-crr-l'lll}"l

« Agreement within 3% but differences in distributions!
— Data, Pythia and Herwig all a little different

« These are physics effects!

25



012

DAf

jet
‘” | 0.08

0.06

0.04

j {:] .02
0

P

012

0.1
0.08
0.06
0.04

0.02

Pythia authors

1 at4f

0 S L
-1 -0.8-06-04-02 0 02040608 1

. e t
1 -08-06-04-02 0 02040608 1
pn.:I‘_:-'rll.-pT_ 1
Cone 1.0 |

+

B

Testing Jets in Z-Jet Data

oizfp

0.1
0.08
0.06
0.04

n.02

0 . L " i A
-1 -0.8-0.6-0.4-02 0 02040608 1

PTjet/ pr*-1

« Data
— Pythia
- Herwig

pr/pr*-1
« Better agreement of data and MC than in photon-jet data
— In progress of understanding this better together with Herwig and

26



Uncertainties on JES

Jet Energy Scale Uncertainties

0.08

0.06 |

0.04 |

0.02

Absolute jet energy scale

Relative - 0.2<|n|<0.6

Underlying Event

Quadratic sum of all contributions

About 3% of M,,, when
convoluted with ttbar
pr spectrum

50 100 150 200 250 300

350 400 450 500

pr " (GeVic)
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In-situ Measurement of JES

* Additionally, use W—jj mass resonance (M;) to
measure the jet energy scale (JES) uncertalnty

W’ | 2D fit of the invariant
) mass of the non-b-jets
t °

and the top mass:

q

/QL__. / JES« M(jj)- 80.4 GeV/c?

Measurement of JES scales directly with data statistics
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Template Analysis Results

« Using 360 candidate events in 680 pb~' we measure

M, =173.421.7(stat)+1.8(JES)=1.3(syst) GeV/c?

top

« Using in-situ JES calibration results in 40% improvement on JES

‘ﬁJES (ﬁc)

Expected error with observed num events

"o 450

CDF Run Il preliminary {680 ph":

w £
o o
(=] o

umber PEs / 0.1 GeV
]
[ =]
o

L 11 1
N
—
124 124
' =] o
(=2} T[T T [T [TOC T[T TT T[T TTTI]T

o

165 170 175 180 1§ 4 2 0 2 4 &
Mtop {Ge\'ﬂc ) Error (GeV,-'cz)

Better sensitivity than the previous world average!
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Using the 118 candidates in 680 pb-" our M
M

Matrix Element Results

top

with |[JES =1.019 = 0.022 (stat)

0.95

CDF Run 1l prellmlnary (680 pb )

09|

50 |

100 |

top

=174.1+2.0(stat)+1.5(JES)+1.3 (syst) GeV/c?

CDF Run Il preliminary (680 pb'1)

Entries 630 | 1
Mean  2.791| |
RMS 0.3345 | |

AR, ARG
0 2 4 6
5 M, (stat+JES) (GeV/c")

Consistent result. Similar precision as Template Method
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Combining M

Excellent results in each
channel

— Dilepton
— Lepton+jets
— All-hadronic

Combine them to improve
precision

— Include Run-l results
— Account for correlations
New uncertainty: 2.3 GeV

— Dominated by
systematic uncertainties

(L=370pb’)
@

(L=750pb ")

top RESUlLS
Best Tevatron Run Il (*Preliminary)
‘DO Dilepton 176.6 +11.2 + 3.8
(L=370pb”)

) e
DO Lepton+Jets 1706 + 2.8 + 3.7
"CDF Dilepton 164.5+ 4.5+ 3.1

. —- =
CDF Lepton+Jets 173.4+1.7+ 2.2

(L= 680 ph’)

. &

CDF All hadronic 1771+ 4.9+ 4.7
(L= 310pb”)

. —
Tevatron March'06 172.5+1.3+1.9
{COF+D0 Run I+ Average) (stat) = (sysf)

155 160 165 170 175 ’1%3 185
Top Quark Mass (GeV/c")

190
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Systematic Uncertainty

Source OMyy,
(GeV/c?)

Remaining JES 1.0
Initial State QCD 0.5
radiation

Final State QCD 0.2
radiation

Parton distribution 0.3
functions

MC modelling 0.2
background 0.5
B-tagging 0.1
MC statistics 0.3
total 1.3

—
o
aaal

A M (total) GeV/c’

—
aaal

¥ CDF Results

* Runlla goal (TDR 1996) S

CDF Top Mass Uncertainty

(I4+l and I+j channels combined)

1! 20" 4" 8"

v

Scale A(stat) / \L, Fix A(syst)
(assumes no improvements)

Scale A(total) / L
(improvements required)

10

L
2

bl |
4

10° 10
Integrated Luminosity (pb )
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Implications for Higgs Boson

m, constrained in the Standard Model

150

1 —LEP1 and SLD
LEP2 and Tevatron (prel.)
68% CL

175

M, [GeV]

200

Direct searches at LEP2:
my,>114.4 GeV @95%CL

LEPEWWG 18/03/06

6 — ;
1 - An) - .
54 —0.0275840.00035  [f0 ¢
: - 0.0274840.00012 [}
44 THE G s incl low Q2 data S
1\ imy=89+45-30 GeV/f |
a2 2 W B -
35 3 & % j
5. i
1 i
o [Excluded e, A
30 100
m, [GeV]

my<175 GeV @95%CL

(< 207 GeV if LEP2 limit incl.)

300
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Higgs Production at the Tevatron

VN 10 : E T T T T T T I T T T I T T T l T T T
fa : S{pp—H+X) [pb]
ey . Vs =2 TeV :
D 10 g_...t.t ........................................ M, =175 GeV E
- gg—H CTEQ4M :
b T E
-l F---
]0 E -
2 [ = -
10 .
3l _-'"“"-':"-::i.::_'_:l-_------.....__________. T
gg.qG—Hbb
]0 ~+ 1 1 I | I I I | I I I | I 1 1 | 1 I I | I I 1
30 100 120 140 160 130 200

M, [GeV]

dominant: gg— H, subdominant: HW, HZ
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Mumber of Events

al

WH—Ivbb (I=e,u)

—a— Data

[] w+Heavy Flavor
[ Mistag

B non-wW QCD
|:| tﬂﬁ.?pbj

[ =ingle Top

I DibosonZ®— 1t

W1 et

W+2 jet

W+3jet W= 4 jet

Jet Multipiicity

= 1 tag w/ NN tag

-

_~ ~H

<

Mumber of Events

jet

b jet

Muon and electron channel
combined:

- 1 or 2 tagged b-jets

- electron or muon with p; >
20 GeV

- E,Mss > 20 GeV

#OF RUN Il Preliminary(695ph™)

100
B0

60—

40

20—

—a— Data

[ ] w+Heawy Flavor
[ Mistag

B non-w QCD
[ tiis.7pb)

[ =ingle Top

[ Diboson/Z®— tt

1

l T I
W+1 jet W+2 jet W+3 jet Wz 4 jet
Jet Multiplicity
> 2 tag

Expected WH events:

-single tag: 1.3
-double tag: 0.4
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Dijet Mass distributions

CDF Run Il Preliminary (695 pb'1) CDF Run Il Preliminary (695 pb'1)
90 =]
C —e— Data C —e— Data
80:— |:| W+Heavy Flavor 8:— I:l W4+Heavy Flavor
C |:| Mistag - I:l Mistag
[T Non-wQcD [ Non-W QCD

[ ] Diboson/Z°—stc

[ ]i(6.7pb)+Single Top
S\ Background Error

I WHx 10 (m,=115GeV/c?)

[ ] Diboson/Z°—tr

[ ]4i(6.7pb)+Single Top
S8 Background Error

B WHx 10 (m,=115GeVi/c?)

601

Events / 20 (GeV/c?)
3
[

50

Events / 20 (GeV/c?)
~
I

40;— W S
30F -
20F - \\
5 _—-II— \.\_‘
10:i 8] 1; |
— — _‘--h. -
0;0=|||||||||||||||%—J—-‘||_+_|||||||||-.-|| ‘N; < E_ :
0O 50 100 150 200 250 300 350 400 450 500 HSlgnal XIO o Lo T IO .....I.....‘ A TR
0 50 100 150 200 250 300 350 400 450 500

Dijet Mass (GeV/c) . 2
Dijet Mass (GeV/c')

* Further experimental improvements and luminosity
required:

— E.g. b-tagging efficiency (40->60%), NN selection, higher

lepton acceptance N



ZH—vvbb

* Main challenge:
— Background from mismeasurement
of missing E;
— QCD dijet background is HUGE

» Generate MC and compare to data
in control regions

— See 4th lecture
« Estimate from data

« Control:
— Missing E; direction
— Missing E; in hard jets vs overall

« Event selection:

— 2 1 tagged b-jets missing E;
— Two jets mismeasured genuine
— E{mss > 50 GeV jet jet

— Lepton veto

p A R Jet
. 37
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QCD Jet Background to ZH—vvbb

D@ uses data

— Define variable that can be used

to normalize background

— Asymmetry between
* missing E inside jets and
« overall missing E;

— Sensitive to missing E; outside
jets
« Background has large
asymmetry

» Signal peaks at 0

@ 400
E 350
300
250

D® Run Il Preliminary

200
150F
100E
50E
SN B B B
L N — 0.1 ) 3
A(missing E;, missing H;)
Emﬂjﬁ]iﬁﬁun I Preliminary _, . icon nara

—&— Simulated Physics kg

— Instr_bkyg. from fit

01 0.3
A(missing E, missing H;)



QCD Jet Background to ZH—vvbb

 CDF uses MC => requires

— detailed understanding of
detector response simulation

— Vast number of QCD dijet events

Z:IIJI?I\?\_;II?B |Slelall‘|cll‘lll | LI | T | LI | LI
: CDF Run II Preliminary
289pb* ;

Events/10 GeV
o
I

. f - Data
required ol W Mistag ||
3 [JQCD h.f. | 3
: I WTOP
 Use control region to check L DEWK |1
agreement: :
— Jets back-to-back region L T _;

ML
10-1 =l R 1 1 m P I | | L)
40 60 80 100 120 140 160 180 200

E, (GeV)

— Data agree well with background




ZH—vvbb Analysis

-D®@ Run Il Preliminary
()} —— DATA

[ 1ZjiZbb
] Wiji'Wbb
[ Instrumental

[ ti'single top
B WZ'zZ
[CJZH—svvbbx 10

. ...iizi
50100 150 200 250 Jo5-3%0* 100

Dijet invariant mass (GeV)

Entries/20GeV

—
i)
IIII|IIII|IIIIIIIIIIIIIIII

-
o

* Key discriminating variable:
— Invariant mass of two jets
— Expect peak from H->bb decay

D@ Run Il Preliminary

= —— DATA

[ Zjj/zbb

] Wjj/Whbb
I Instrumental

I tt/single top
. B WZ/ZZ

| _IJ% [JZH—>vvbbx 5
iyl J:L% |

Yl | T —l
50 100 150 200 250 300 350 400
Dijet invariant mass (GeV)

Entries/20GeV
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/H—vvbb candidate

/=145 GeV

E,=100 GeV
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H— WW®) — [*[-vy

* Higgs mass reconstruction impossible due to
two neutrinos in final state

* Make use of spin correlations to suppress WW
background:
— Higgs has spin=0
— leptons in H - WW®) — |*I-vv are collinear
Main background: WW production /ﬁ;

CDF Run Il Preliminary, L, = 360 pb'1 [ DY/ZI
o eb ] WHjet/y
N O WW
N T Wl WZ+ZZ+tt
< 5 I HWW160
e t 10 x HWW
) 4 - — —s—data
s
> 30
W _l—J

2F T

! =

—— o s e Ll
0 0.5 1 15 2 25 3
dilepton azimuthal separation, A®
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H—>WWO—l*l-vv (I=e,u)

D@ analysis: L= 950 pb-"
ee and eu channels

Event selection:
— Isolated e/u :

* pr>15,10 GeV
— Missing E; >20 GeV
— Veto on

« Z resonance

« Energetic jets

E.g. for M, =120 GeV:
— 31 events observed
— 32.7 +/- 2.3 (stat) predicted

— Bkg systematic uncertainty:

15%
[] oy =6.3pb

| HIGGS MASS 160 GeV (After Cuts 1-7) |;ﬂ='=
Z-

HIGGS MASS 160 GEV (After Cuts 1-7) | © data

10

5xBR(H->WW"'”) (pb)

107

b) ete

1

Ez—x= | ZZDK: .
akes
2C0 fakes
D Run II Dlww
Preliminary |[Ew-e
N Bz we
it —ee

—— 160 GeW Higgs (x10

1

A'¢ (e, p) (rad)

160 GeV Higgs (x 10)

|\|H\| T II\II\W T IHIHI| T \IIHH| T TTTTT

Dé Run I Pré ary, ~950 pb”’

v, ey

95% CL Limit
------- Expected
—— Observed

Z

4th Generation Model

Standard Model :

Excluded at LEP

‘ | 1 | I 1 1 ‘ | | 1 | 1 1 | | | | |
100 120 140 160 180 200

Higgs mass (GeV)
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Ratio to Standard Model

Tevatron Run II Preliminary

103|\\"\\|‘|\\\‘\\\\|\\\\|\\\\|\\\|‘\\\\‘\\||‘\\|ﬁ
. ttHtbb
. CDF: 320 pb
. —
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*
*
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- @ |
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1 = ! _ :
- T ‘ | I\ L | ‘ I ‘ T | N | I R | L] ‘ N | ‘ | \Aplrlllzo" 2\00\6 | 1
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* Further experimental improvements and luminosity expected

— Wil help to close the gap
— Expect to exceed LEP limit with about 2 fb-"



Conclusions

« Top Quark and Higgs boson require
— b-tagging
— Good understanding of jets
* Top signal well established in Run Il
— Very clean sample of 45 double-tagged events

— Cross section measured in all three modes
— Top mass improved impressively in Run |l

* Higgs searches ongoing
— Steady progress towards probing SM cross section

— Expectations were set high
» Collaborations are working on meeting these specs

— Expect sensitivity to 115 GeV Higgs with 2-3 fb-"
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Events / 20 GeV

Tevatron: WH—Ivbb (I=e,u)

,<bjet

_“H bjet

Vv
W <
e/u

T 1]

40
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10

III|III|TII|III|I

%

D& F"re:liminalr'_t,r1 W + 1 b-tagged jet
L =371-385 pb =) & Data

W +Djets
JQc

mtf
EWhhb
mother
JWH

116 Gaf

50 100 150 200 250 300
Dijet Mass (GeV)

Events / 20 GeV

Muon and electron channel
combined:

- 1 or 2 tagged b-jets

- electron or muon with p; >
20 GeV

- E,Mss > 20 GeV

Dé Preliminary . W + 2 b-tagged jets
L = 371-385 pb~ ¢ Data
W + jets
QCD
Ett _
CIWhbb
I other
JWH
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A Few Comments on Monte Carlo

 Critical for understanding the acceptance and the backgrounds
— Speed: CDF ~10s per event, DJ ~ 3m per event

 Two important pieces:

— Physics process simulation:

« PYTHIA, HERWIG
— Working horses but limitations at high jet multiplicity

» “ME generators”: ALPGEN, MADGRAPH, SHERPA, COMPHEP,...
— Better modeling at high number of jets

— Some processes only available properly in dedicated MC programs
» e.g. Wy or single top

« NLO generators (MC@NLO)
— Not widely used yet but often used for cross-checks

— Detector simulation:
« GEANT, fast parameterizations (e.g. GFLASH)

* Neither physics nor detector simulation can generally be
trusted!
* Most experimental work goes into checking Monte Carlo is right
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Can we close the Gap?

 Assume current analyses as starting point
— Scale current systematic uncertainties by 1/3L

« Reevaluated all improvements using latest knowledge

Luminosity equivalent=(S/VB)?

Improvement WH->|vbb ZH->vvbb | ZH->lIbb

mass resolution 1.7 1.7 1.7
Continuous b-tag (NN) 1.5 1.5 1.5
Forward b-tag 1.1 1.1 1.1
Forward leptons 1.3 1.0 1.6
Track-only leptons 1.4 1.0 1.6
NN selection 1.75 1.75 1.0
WH signal in ZH 1.0 2.7 1.0
Product of above 8.9 13.3 7.2
CDF+D@ combination 2.0 2.0 2.0
All combined 17.8 26.6 14.4

Expect factor ~10 improvements and CDF+D@ combination:
=> Need 2.5 b1 for 95%C.L. exclusion of 115 GeV Higgs 49



“God Does Not Play Dice”
(with the Physicist)?

* All numbers given so far were

— a 50% probability of an experiment _ )
achieving discovery or exclusion my=115 GeV/c

— We perform 1 experiment

« Could get statistically lucky or unlucky égg 0 e
(m,=115 GeV/c?): 507 R
— with ; %8'2’ 70 s
* 5% chance for 3o evidence 204 /
* 0% chance for 5¢ discovery 203 / /! S0
=
— with L=4 fb-": She // :
» 35% chance for 3o evidence 05 = 5 i—f’{jj’”/g 0 L

« 2% chance for 5o discovery
— with

« 75% chance for 3o evidence

* 10% chance for 5o discovery

Integrated Luminosity (fb™)
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Combining M

Are the channels

top RESUItS

consistent?

\

M,,,(Dilepton) = 164.8 + 4.8 GeV/c?
M,,,(Lepton+Jets) = 173.5 = 2.8 GeV/c?

We compare them taking
into

account their correlated
systematics

Discrepancy might reveal
missing systematic?

or New Physics?

Comparison of Mrop in Different Final States

(CDF-Il Preliminary, April 2006)

——— A M (All-d - L+Jt)
52+52 x> = 1.0/1 (32%)
® A M (All-J - Dil)

139+ 6.5 2= 4.6/1 (3%)

—e— A M (L+Jt - Dil)
8.7/+4.8 2= 3.3/1 (7%)

O 5 10 15 20 25 309 35 40 45

|AM,, | (GeV/c)
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