Qutline :

» Introduction on the Top quark E%E%TE%{ESY

» Top mass measurement
» The Standard Model and the
Top mass

I I I

Three Generations of Matter




Top quark discovered in 1995 by
CDF and DO

Missing particle as today it is the
Higgs

Important to undestand what we
missing in the Standard Model
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_ TopQuakMas |

» Top quark was expected to be very heavy, mt~170 GeV

> It decays with a very short lifetime 1~h/IF'~10s it has no time
to hadronize 1%°~10™s

» It is possible to study the bare quark: measure the mass of
the quark important SM parameter

» Important ingredient for SM precison tests: B->X y and

KL->T(OVV
» It helps in understanding the Higgs sector due to the
interreletionship with W and H W propagator, and hence

H its coupling to the H vacuum
i ey : :
T ooy, eXpectation value (Mw) is
ki affected through internal

loops with top quark and H
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Top Quark Production & Decay |

Production
. 85% /" ’ 15% ' AT Tevatron top
\ f EN A quark is mainly
I ’ » g 7\ produced in pairs
a i o \ ;

+ other diagrams

ttbar Decay Modes

Oete Emu+tmu  Etauttay Oe+mu det+tau
Omuttay  WEetjels Omu+jets Otautjets Dall had

Di-leptons 5%

Leptons+jets 30%
All-hadronic 44%
Others 21%

Donatella Lucchesi 4




Top Quark Final States |

Each final state has specific characteristics and require a
specific approach:

® Di-lepton: low yield, low background, well defined leptonic
signature

® | epton+jets: higher yield, moderate background, lepton
signature + MET + jets

® All hadronic: highest yield, huge background, only jets
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Data Collection: Lepton Triggers |

Dilepton and single lepton channels use "high pt muon” and

" high pt electron” triggers.

High_PT_muon trigger:

_evel 1: stub in the muon chambers

_evel 2: track reconstructed in the central chamber P>15 GeV/c
point to a stub

Level 3: muon recostructed with offline quality

High_PT_electron trigger:

_evel 1: em. calorimetric tower Et>8 GeV & proto-track

_evel 2: em. jet ET>18 GeV & Ehad/Eem <0.125 & track point to a jet

_evel 3: em jet reconstructed with LO energy calibration, i.e
pedestal subtraction
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Data Collection: Hadronic Trigger |

Hadronic channel uses “Multi jets" trigger
Multi_jets trigger:

_evel 1: calorimetric tower E+>20 GeV
_evel 2: Four jets Et>15 GeV & Total E+>175 GeV
_evel 3: Jets reconstructed with LO energy calibration
| SUMET175 Turn On | | FOUR_JET15 Turn On | Tr‘igger' effiCiZCiZS
o —}— JET_50 Data - —}— JET 50 Do
IJE [ ] ocomcrran 1.45 [ ] ccomcrran are nedeed Then
B Y ST o simulate Monte
S ol .+ Carlo.
ﬂ'ﬂ'f_ ﬂ.ﬂ-f— q_*q-:__,__'_ | _:
ME— - el =
n_gf_ N ﬂif— _=
fbo"750' 200 250 300 350" 400 450500350 500 Rl s 58555 00
Sum-EtiAll-Jetzl [GaV] Sum-EtlAll-Jst=) [GaV]
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Top Quark Mass Measurement Ingredients |

»Jets in the final states — Precise jet energy determination
»Final states always with b-quark — b-tag algorithm used to find it
* Select tracks with high impact parameter wrt primary vertex

* Fit to identify a secondary vertex
« Cut on decay lenght ny

SecVix Tag Efficiency for Top b-Jets

3 2 — _

0.6L ]

0.5

0.4f Q :

Displaced [ ]

Vertex 4 E“Spl'fce‘i ::-

. e ks 2 .

' : B Loose SecVix |

—— 01 B Tight Secix |
= \ '/ Impact parameter 0362060 80 100 120 140 160 180 200

\ , Jet Et (GeV)
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Top Quark Events Selection: Dileptons |

Requirements:

> two high Propposite charge q
isolated leptons (Pt>15 GeV)

> at least 2 high E_ jets (E»20 GeV)

> at least one vertex b-tag
> MET> 25 GeV q

Major Backgrounds

¥ Drell-Yan Z/vy*: calculated using
control region

W Di-boson: WW WZ,ZZ

B QCD: fake leptons
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Top Quark Events Selection: leptons+jets |

Requirements:
> one high P+ isolated leptons (Pt>20 GeV)
> at least 4 high E- jets (E;>20 GeV)
> at least one b-tag

> MET>20 GeV

Major Background
® W+jets:
® Heavy Flavour fraction and shape dermined with MC & data
* light flavour from data
¥ Other contributions from non-W
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__ Matrix Element Method Iniroduction |

Observables: measured momenta of jets and leptons

Question: for an observed set of kinematic variables x what is the
most probable top mass

Method: start with an observed set of events of given kinematics
and find maximum of the likelihood, which provides the best
measurement of top quark mass

Our sample is a mixture of signal and background
evt (‘x m ) ftop sgn (x m ) T (\ ftop) |])bkg (‘x)

Pbk

g(X ) depends on the decay channel
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Matrix Element Method i

W(x,y) is the probability
that a parton level set of
variables y will be measured
as a set of variables x.
Parton Energy <> Jet Energy

dq, dq, f1q,) flq,|W(x,y)

f(q) is the probability distribution than
a parton will have a momentum q

probability to observe a
set of kinematic variables

x for a given fop mass
e

Psgn(X’.mt):

o(m,)

Normalization depends on m,
Includes acceptance effects
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Dileptons Events Analysis |

Matrix Element and Neural Network are applied to discriminate
signal from background

COF Runll Preliminary (2.0/fFhd

COF Runll Preliminary (2.0/fb)
|||||||||||||||||||||||llndtd|||||_

g m LI I LI I LI I L) I LI Illm LI I 1
? mnnm H{g_UI‘H}EI‘L 50’__ lllBhg, UFIIJBI'L:
Eg—*.“.“ MZi-p ]
[ —TX &=
- B fakss B fakss
i [ Dioo=on
- -tt
10 oF

40 60 80 100 120 140

] )
Dilepton Mass [GeVic" Missing E, [GeVic']

The information contained in an event regarding top mass is

expressed as conditional probability 1 do(M,)
T\ [V

Mt is the top pole mass, x is the vector P(x|M;) = o(M,) dx
Of measured quanTlTleS Donatella Lucchesi 13




Dileptons Events Result

The simple formula is then modified to include background
Systematics error are evaluated and included in the fitter

Source Size (GeV /c”) . . of e
o Sk = Fit posterior probability to extract Mt
Lepton Energy Scale 0.1 00
GEI-]_]_EI‘ at{:.r D. !l-_, E l_‘ ||||||| | T TTT | TTTT | TTTT | TTTT | TTTT | T TTT :
Method 0.4 S 18f CDF Run Il Preliminary (2.0 fb™) o
Sample composition uncertainty 0.3 N e |
Background statistics 0.5 a . B
Background modeling 0.2 14 e
FSR modeling 0.3 - @ ° 1
: 120 ]
ISR modeling 0.3 . ]
PDFs 0.6 10L o ¢ ]
Total 29 ® ]
8- ® ]
°
6 [ ° o ]
o °
4L L ]
L e ]
; {M=q & 0y = i - v 17/ 2 oL o, _0°%® ]
Moy = 1712 £ 2.7(stat.) £ 2.9(syst.) GeV/c : et ;

q55 160 165 170 175 180 185 190 595
M, (GeVv/c)
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Sample composition after event selection

Background 1 tag > 2 tags [Lepton Py 0o : :

non-W QCD 234 + 20.4 | 16 + 2.3 _ ' flata (= uah period 1]
W +light mistag 221 £ 5.7 | 0.4+ 0.2 02 O ean L oz 018 e
diboson {WIW, WZ, Z2) 5.5 0.6 05 £ 0.1 ':'-15 e 1’::&3:;@ 018 mi;‘i:-‘_';ﬂ“g"di'
Z — ee, pp, 77 3.6 £ 0.5 0.3 +01 018 Mean = 5452 014 AN - 2071
Sum of above 3 312 +£58 | 1.2 £0.2 014 GLEEe 012

W +bb 324+125 | 66 £ 2.2 0.1z 01

W + e 184 £ 4.7 09+ 0.3 a1

W +e 103+36 | 0502 |  ons oo

Single top s-chan 24+ 0.3 | 0.9 +0.1 - K-S CL =0.54 0.08 K-SCL=077
Single top t-chan 27+ 0.3 0.7 £ 0.1 ona (kY —

Sum of above § 67.2 £ 21.8 | 9.5 £+ 2.6 — ' 0.0z

Total background 1218 £ 31.7 (123 + 4.4 o e I, 3 2 ST
Evonts abeerved 459 118 80 a0 100 120 140 180, 157 20 ? MET (Gev)

Signal likelihood calculation is performed by integrating over
the matrix element using the following formula:

) ) 24 .
) A ) £ 7 e )

L{g | v, Ages) =
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Lepton+jets Analysis |

| Neural network discriminant |
For each event calculate the Sl - —
background fraction for that event  fet: e
L *“41 ----- Wilight background

fbg(q) = B(q)/(S(q)+B(q)), where q is °°8— T | ot
neural network output for that event. **= 1

The background is subtracted to have
the signal probablity for each event

0.04/—!

0.02F=+"

0 = 11 | | | | L1l I 111l | L1l | | | | | | | || I 11 | I.LI.h
0 01 02 03 04 05 06 07 08 09 1
Neural net output

log Lsig(mt,JES) = Zi[log Li(mt,JES)] - nbg log Lavg(mt, JES | bck)
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Lepton+jets Result |

CDF Run Il Preliminary 3.2 fb”

The results of the fit are o ME
ztﬁ 1.2;—
m =172.1 +12(stat) x0.7(JES) GeV/ci «
08
AJES=040+0260 051
0.4
0.22—
Adding systematics 95 —AflnL) =05
: _ _ 02 —A(In L) =-2.0
sttcmg;tj:bﬁutjifz Systematic unogi.:;mnt}r (GeV /) _0_4;_ Al L) = 45
MG generator 0.5 B T R R I R TR 7 N T
o i m, (GeVie)
-JES 0.4
Lepton Pr .2
Multiple hadron interactions 0.1
PDFs .2
Background (.5
Color reconnection 0.4
Tatal 1.1

mt = 172.1 + 0.9 (stat.) + 0.7 (JES) + 1.1 (syst.) GeV/c2
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Top Quark Events Selection: all jets |

Requirements:
» at least 6 high E: jets (Er>15 GeV)
> at least one b-tag

» Small MET 9
> No leptons

0|

Dominant Background
H QCD multi-jets
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_ TendlteMetod |

Method: build top mass and JES template for signal and background
Use the templates as pdf in the Likelihood.
Extract top mass and JES

Reconstruct the event kinematic by minimizing:

2 2 2
a_ (mfy —Mw)®  (nfy) —Mw)®  (nf) )" (i) E"‘: ' — AR
¥ Ty I I? i =

mjj = invariant mass of mjjb = invariant mass of P =top transv.
two light jets three jets momentum

rec

For each permutation we obtain m;
signal (MC) and background (data)
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Quark Top Mass: All Hadronic

Signal template: Monte Carlo data Background template: data
K

E B tt m{* templates, 2 tags events (JES = 0.0) EO-UB - Background m:e “template, 2 tags events
- o™
00.14 L r
3 [ Miop = 160 80,07~
"?'é I - P s | Corrected Bkg
,?5’0-12._ I Miop= 170 .”.‘;0-06:—
] i Mtop = 180 e . oo
§ o1 Mtop = 190 20.05F — P(m™)
B B rec ) -
E0.0B a - P(mt | Mtop,JES) ._,_0_04_
0.06 :— 0.03f
R 0.02f
0.04 — N
i 0.01F
e = :
- 0 o
0 B 1 1 1 1 1 1 1 | I T T T N N — 4 I L L L 1m 1m m 2m % G
100 150 200 250 300 \ m;™ (GeV)
m= (GeV) AL

_|".|; ﬂ:' P:n:“ [:m‘hi | M!‘ﬂ ’JEE:] _I-ﬂmei [:m‘h i:]
L — L + L 'EMH]:- = 1_['!=f. -+ n]:+m e
tot M top JES

TEL THELT

The Likelihood has two [Nt P FLy (w ¢ | Meop, JES) s FLY (e, )
’E-T - l_[-!=1 i iy,

terms: one for the mass

and one for JES
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AJES

All Hadronic result

CDF Run Il Preliminary, (2.9 fb")

.

-Ln(L/Lmax) Contours, 1 +> 2 tags events

Fitted Values
-Ln(L/L )=4.5
max

-Ln(L/L__)=2.0

-Ln(L/L__)=0.5
Ll I L1 1 I Ll 1 I L1l I L1l I L1 1 I L1l I L1l I L1l I 1

168 170 172 174 176 178 180 182 184
Mtop (GeV)

Eventsi5.0 Gev)
B

CDF Run Il Preliminary (2.9 fb™")

= 2 tag: eventzm"
9

—|— Data
- Fitted tt

I Fitted Bkg

i Ndof = 20.21 22
Frob = 0.565

100

130

M, = 174.8 + 1.7 (stat) £ 1.9 (syst) GeV/c*
tSMtﬂp/Mtﬂp ™~ 1+5%
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Top Quark mass combination

CDF Top Quark mass (*Preliminary) Mass of the Top Quark (*Preliminary)
@
. ° CDF-ldi 167.4+10.3+ 4.9
All-hadronic 186.0+10.0+ 5.7 ®
(Run I) o DO-1 di-l 168.4+12.3+ 3.6
@
. * ) (-
Diepton 167.4+10.3+ 4.9 CoFldH 171.2+2.7+2.9
Lepton+jets * DOl di T 174.7+29+2.4
Run 1 176.1+ 5.1+ 5.3 _ .
* —_— - CDF-114] 176.1+ 5.1+ 5.3
Dilepton . —_——
(1917 171.2+2.7+£2.9 DO-1 1+ 180.1+ 3.9+ 3.6

*Lepton+Jets (Lxy+lepton p_) *CDF-|| I+j 1721+ 0.9+ 1.3
(1.917) . 175.3+£6.2+ 3.0

) - DO-11 1+ 173.7+ 0.8+ 1.6
Lepton+Jets o
(321) 172.1+09+1.3 CDF-l all- 186.0+10.0+ 5.7
e @ eme
* . * ) e
AII—hadrSnlc 174.8+1.7+1.9 CDF-II all-j 174.8+1.7+1.9
(291f7) . °
. o) CDF-Il trk
. 175.3+ 6.2+ 3.0
C?sz\g_',’}ter 09 172.6+0.9+ 1.2 * , -e-
. (stat.) £ (syst. Tevatron March’09 173 1+ O 6 + 1
hep-ex/0903.2503 " T (stal)* (syst.
x*/dof = 3.6/6 (73%) x?/dof = 6.3/10.0 (79%)
| | | | | | | | | | i |
150 160 170 180 190 200 150 160 170 180 190 200

My, (GeV/c?) My, (GeV/c?)

172.6:0.9(stat)+1.2(syst) GeV/c®  173.1:0.6(stat)+1.1(syst) GeV/c’
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Top Quark Mass: What are we measuring? |

» All Mtop measurements make heavy usage of Monte Carlo

» So we measure the MC top mass!

» Usually in the MC the parameter we calibrate to is the tfop-quark
pole mass.

> All say Its pole mass with A ~200 MeV/c’

The complete discussion in http://arxiv.org/abs/0808.0222v2

Top Mass Measurements from Jets and the Tevatron Top-Quark Mass

André H. Hoang™®, Iain W. Stewart” !
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Quark Top Mass: What are we measuring? |

* There's a theoretical issue since t-quark is not a
color singlet

— What we need is an experimental observable that's
= A color singlet
= Sensitive to M,
= \Well defined at a hadron collider
= Can be modeled theoretically in a well defined manner

— What we have are experimental observables that are
affected by numerous non-perturbative (QCD) effects

= Makes theoretical interpretation difficult, since mapping from the
perturbative to observables requires non-perturbative model

= This is what the modeling systematic uncertainties are meant to
address... how sensitive are we to varying these effects in MC?
A: moderately, ~500 MeV/c?
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Quark Top Mass: What are we measuring? |

The authors address the issue in e’e” collider: e'e ->tt Js>>mt
choosing a mass schema.

Here the jet-invariant masses MM, ;
sum over particles in the top and antitop hemi-
sphere defined with respect to the thrust axis, and
are examples of event shape variables for massive
quarks. The resonance region |M; j—my| < my 1s
most sensitive to the top-mass.
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Quark Top Mass: What are we measuring? |

The situation at hadron collider is more complicated:

- initial state radiation

- jet reconstructed as MC parton shower — “the implementation
of the parton shower for top quark and the size of the shower
cutoff determines the top mass definition used in MC"

A relation among the MC mass and the that defined in

the Mass Schema is obtained. wop __
e e \ /
el ey : i Tamti 2 m(R) 14i~
top mass 7, (;) = 1630413705 GeV ok 7
. 3 R=m(R) ,f
150 S R T A
0 50 100 150 R

Figure 4. Converting the Tevatron top mass into
the MS scheme using the MSR scheme.
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List of

parameters
that enter the
Standard
Model fit.

Last column
gives the fit
results for
each parameter
without using !
the correspondi
experimental
constraint in

the fit

Paratoeter Input value F"‘tee Re=zults from global EW fits: C.-:am%?a'erej?r ul';’.':a
in fir Stanclard fit Complete fit eap. inputin line
Mz [GeV] 91.1875 & 0.0021 yes 01.1874 & 0.0021 01.1876 & 0.0021 g1.1974 00151
Tz [GeV] 2.4952 4+ 0.0023 - 2.45980 + 0.0015 2.4958 + 0.0015 2.4952 F 5 000C
o, [nb] 41.540 & 0.037 - 41.478 &+ 0.014 41.478 & 0.014 41.469 £ 0.015
R? 20.767 &+ 0.025 - 20.742 £ 0.018 20.741 &+ 0.018 20.717 & 0.027
AL 0.0171 + 0.0010 - 0.01638 + 0.0002 0.01624 + 0.0002 0.01617 X3 050s
Ag D 0.1499 4+ 0.0018 - 0.1478 4 0.0010 0.1472+3-2003 -
A 0.670 =& 0.027 - 0.6682 T 0an3s 06879 15 Aonas 0.6679 ) 50ni
A 0.923 + 0.020 - 0.93469 4 0.00010 0.93483 0 Donne 0.93463 1 0000E
Ade 0.0707 & 0.0035 - 0.0741F3- 0058 0.0737 &+ 0.0005 0.0737 + 0.0005
AXE 0.0992 + 0.0018 - 0.1036 = 0.0007 0.1032 +0-0007 0.1037 00002
R? 0.1721 = 0.0030 - 0.17225 &+ 0.00006  0.17225 +0.00008 0.17225 & 0.00008
R? 0.21629 + 0.00068 - 0.21578+ 0.00005  0.21577 +£0.00005  0.21577 & 0.00005
sin¥ o (Qrp) 0.2324 + 0.0012 - 0.23142 4 0.00013 0.23151 5 0001s 0.23140 500033
My [Gev] () Likelihood ratios  yes 83t ot 1163505 I
My [GeV] 80.399 + 0.023 - 80.384 +0- 012 80.371 00 80.361 *5- 013
Tw [GeV] 2.098 + 0.048 - 2.002 1000t 2.082 £+ 0.001 2.092 &+ 0.001
i [GeV] 1.25 &+ 0.08 yes 1.25 =+ 0.08 1.25 £ 0.08 —
T [GeV] 4.20 & 0.07 yes 4.20 &+ 0.07 4.20 &+ 0.07 —
s [GeV] 173.1+ 1.3 yes 173.2 +£1.2 173.6 + 1.2 179.5 5%
Aal3 (AF2Y (18) 2768 + 22 yes 2772 &+ 22 27647122 2733157
3_,’@1;} - yes 0.1152+0- 0= 0.1193 £ 0.0028 0.1183 4 0.0028
’&!HIW [MIe¥ ] [—4,4]1;[190 yes 4 4 -
Sp sin®g (1 [—4.7, 4.7 ]thec yes 4.7 0.8 -
Senpl (1) [—2, 2]thec yes 2 2 -
5|;[—1K.£ () [—2, 2]thea yes 2 2 —

'{*:'.ﬂwerage of LEP {4, = 0.1465% £+ 0.0023) and SLD (4, = 0.1512 &+ 0.0021) measurernents. The complere fir wio the LEP
{SLD) measurernent gives A, = 0.1473 4 0.0000 (A4, = 0.1465 129307 y (2)1 brackets the 2o, TIn units of 1072, () Rescaled

due to o, dependency.



Top Quark Mass and the H |

Contours of 68%, 95% and 99% CL obtained from scans of fits with
fixed variable pairs m’r vs. MH .

190 / / / /

No mt in the fit eliiterl 5

E- 180 //
mt in the fit A=

170 /
Complete fit including . /'
all data

16 band for My, WA

/ 68%, 95%, 99% CL fit contours incl.
/ my,, WA and direct Higgs searches

"’
Sl 68%, 95%, 99% CL fit contours incl. m_ WA

~ LEP 95% CL

| 11 | 11 1 1 | 11 1 1 | 11 1 | | 11 1 1
150 200 250 300 350 400

M, [GeV]

N
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