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t H
Direct measurements of my:

* tests SM predictions \_/

o] W
* constrains SM Higgs mass A My ot M2 A My o ln My
* key to EWSB

T 1 1 T | T 1 T
{ —LEP1, SLD data Run I
80.5 ~~LEP2 (prel.), pp data

68% CL T

Higgs mass tied to m, and my

Measurement of m, in dileptonic
channel important consistency check
* any discrepancy between top !
mass measurements in different 8031
channels could indicate new

, 150 175 200
physics

m, [GeV]
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and decay

GDF Il preliminary

+ Top mass measurements use pair produced

‘Whake

top quarks Evwmz

+ Dileptonic events: 5% BR in total ; * Deta (0407

+ clean signature 5w :

+ only two possible parton-jet assignments : _
— lowest statistics

Final Cuts

Ce-e (1/81)
‘- mu-mu (1/81)‘
M tau-tau (1/81)
M - -mu (2/81)'
e -tau (2/81)
B mnu-tau (2/81)
Wcijets (12/81)
B nu+jets (12/81)
B tau+jets (12/81)
Wjets (36/81)

— two neutrinos in final state = under-
constraint system for fitting of top mass
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niques

Template methods Matrix element method
* Scan kinematic variables to
compensate under-constraint * Build likelihood from matrix
system element, PDFs and transfer functions
* Reconstruct event-by-event * Integrate over unmeasured quantities
M, + Calibrate measured m,.., and
* Create templates using events uncertainty using simulation
simulated with different m, * Determination of m, by joint
values likelihood maximum
* Perform likelihood fit to extract
measured m,
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methods

selected Mass calculation:

events \

Because of the two neutrinos, dileptonic ttbar decay is
underconstraint = make an assumption, and scan
over the assumed variable. Calculate the
. most probable m,, for each event

templates

Likelihood fit:

Fits the data m,,., distribution to MC
templates > m, result

CDF Run Il preliminary (~ 340 pb")
a9 F  Likelivood vs. top mass

i
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te methods at CDF

Method Scanning variable Distribution of variable

Kinematic P, of tt system Gaussian distribution
with =180 GeV/c?

NWA-n  n,and n,of the two neutrinos Gaussian distribution
with o= 0.998

NWA-¢ ¢, and ¢, of the two neutrinos Flat

NWA = Neutrino Weighting Algorithm
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+ Assume Gaussian distribution of

.

CDF Run Il preliminary (~ 340 pb)

P,(tt) with sigma value of 180 GeV/c g : , Likelitood vs top mass
* Scan over P,(tt), parton energies and 9': 6 "‘w'
missing Er 3 | 5
* Perform kinematic reconstruction of 6 4 flman'hmf}am;fa
. w L/ (GeVie
m, at each point : .
* Pick the most probable value of m, as 2l — by
- P —
Moo \\_‘ _ Dsodma events
om0 m m a0

Reconstructed Mass / ( GeV/c®)

m,, = 170.2+7.8/-7.2(stat)+3.8 (syst) GeV/c*| | [L£=340pb"
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Method  Data sample Measured top mass

Kinematic 340 pb™ 170.2+7.8/-7.2(stat) +3.8 (syst) GeV/c*
NWA-n  359pb’  170.6+7.1/-6.6(stat)+4.4 (syst) GeV/c’
NWA-¢ 340 pb’ 169.8+9.2/-9.3(stat) +3.8 (syst)GeV/c’

Tuula Miaki PANICOS5, October 24-28, 2005 8



od at CDF

» Use LO Matrix Element for tt production and decay to build differential cross-

section 1 do(M)
(x]3%) o(M;) dx

+ Parametrize detector response to jets by constructing Transfer Functions
which map parton energies to observed jet energies

1
P(x|M;) = dDg| My (p; MV fpss 50) foor (@) frpr(a)
N

Jels

+ Evaluate differential cross-sections for backgrounds
+ Weld together the above pieces to get expression for m, posterior distribution
(given data)

P(X Vi ) — PS(XH\{&)PS + Pbgl (X)Pbgl + Pbgg(X)Pbg}“
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* Integrate over 6 unmeasured
parton quantities: 2x3 (neutrino
momentum) + 2x1 (quark energy)
— 2 (pr conservation)

* Calibrate the result

CDF Run2 Prelim.

o
-k
(3

f L dt = 340 pb™' (33 evs)

=

o

—
|

Probability density

=

(=]

=]

a
|

J £=340pb™

tlILlLJJJlIl]III

m,, = 165.2+6.1(stat)=3.4 (syst) GeV/c’ ERE R
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te

WM )= Y FOF _, (X)) FOF oo (%2)

sol ution

X p(EI* I Mtop)° p(EI* I M top)

D2 preliminary

* Assume X;,X,, scan over the values
* Calculate weight

* Weight comes from Matrix Element
* Pick m, with largest weight as m,.,

[ £=230pb"
m,, = 155+14/-13(stat)=7 (syst) GeV/c’

InL, ., -InL

= L
T[T T T T[T T T T[T TTTT1] TTTT[TT

1:‘ | | | | ‘ | | | | | | | | | | | ‘ | | | | | | |
120 140 160 180 200 220
top mass (GeV)
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Preliminary
CDF Il Dilepton Top Mass Measurements
®
Template: ttbar P 170.2+75+3.8
(L= 340 pb”) B -
®
Template: ¢ of v 169.8+921 3.8
(- hh ob) ¢ =
by 741
Template:n of v 1706 +/- 1+ 4.4
(L= SSE?pb'T) n 6.6
°
Matrix Element 165.3 -l_-g'g + 3.6
(L= 340 pb’) :
———r—
Combined Dilepton ~ 168.2+32+3.7
(CDF Run 2) :
——
Combined l+jets 173.51+ 3.0
(DO+CDF Run 1+2)
| L | L L | L L J | | L | L J | L | L | 1 L |
140 150 160 170 180

Top mass (GeV/c?)

Tuula Miaki

190

F results

Weight achieved via studies of
correlation 1n pseudo-experiments
which model data

Combined dilepton top mass from CDF

m,, = 168.2+4.5(stat)+3.7 (syst) GeV/c’

In the current top mass world
average, dileptonic
measurements have 11% weight
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CS

Matrix Element  Template (KIN) Template Improves with
more CPU
JES 2.6 3.2 5.6 power
b-jet modeling 0.5 0.6 N/A
ISR 0.5 0.6 N/A .
Improves with
FSR 0.5 0.3 N/A more data and

Generators 1.0 0.6 3.0 _

Bckg shape 0.8 1.5 1.0 Not much
MC statistics 1.3 0.8 1.1
b-jet energy scale can be

Total 2.6 3.8 6.7 checked with Z->bb
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ncertainty

* Projection is only for CDF matrix
element method

» With 2.5 fb"' of data, the projected
statistical error 1s of the same
order than the current systematic
error from the method

* Dilepton top mass becomes
precision measurement
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* Comparison of top mass in I+jets and dilepton channels has sensitivity to
new physics

* Top mass measurement in dileptonic channel has potentially smaller
systematics than in other top decay channels.

* The combined CDF top mass measurement in dileptonic channel
m,, = 168.2+4.5(stat)+3.7 (syst) GeV/c* | | [L£=340-359 pb"
* DO top mass measurement in dileptonic channel

m,, = 155+14/-13(stat)=7 (syst) GeV/c* | [£=230pb"

» With 2.5 b of data, the statistical error is expected to be of the same order
than the current systematic error (matrix element method)
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*» 1 fb"' of data per experiment on
tape

» Peak luminosity 1.5 x 10*cm™s™

» Presented analysis use 200-350 pb™
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E 200__ o o . & Recycler S
= 2003 == ~- :-_ o
2 figlL ~~ 200 SR
= 100 e 4 22 el

P : ﬁj/ 2001___| O fog Ve
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Both are multi-purpose detectors, designed for precision

measurement and search for new physics
+ Tracking in magnetic field

* Precision tracking with silicon

+ Calorimeters

* Muon chambers

CDF ~ = . Do
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* Assume n,, n, of the two neutrinos

and m,

* Integrate over unknowns
Lepton-jet pairing
Neutrino n
Missing energy

* Calculate the probability of

measuring the observed missing E;

* M, 1S the m, with largest
probability

CDF Run Il Preliminary (358.6 pb’)

8
7
E L]
5 ..
4
- 3 .' ..
- — Bkgd only ?I T
i 55750 765 180 705

1
[ Likelihcod ve top mass

—

Np"‘!-

010

2 —|:|Data(453vts)
g F

o F

T 8= >Signal + Bkgd
'?!‘; 5

c

[

>

W g

41—

2 /

M, (GeVic?)

[

l]BI.'J H‘IIJU :|2l]I 140 1Ed 1Bd 2UIJI 22IJI I24IJ 260 280

Reconstructed Mass (GeV/c?)

m,, = 170.6+7.1/-6.6(stat) +4.4 (syst) GeV/c

Tuula Miaki

[ £=359 pb’
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CDF Runll Preliminary (340 pb'1)

(P Lt p i,meas.)z (LE . 1At _ LE . j'meas')2 - Constrained fit 3
X 2 = Z T 2T + Z i 5 ] 6 - ~
i~ jes o j=x.y G i =
+ (Mll\/l_MW)2+(MI2v2_MW)2+ (I\/Illvlbl_I\/Itop)2_|_('\/Ilézzbz_I\/Itop)2 o 5} j.
1_“W 1_‘W 1_‘top 1_‘top § i r
& 4 o
. — i ikelihood sha
» Assume ¢, ¢, of the two neutrinos, scan over £ ;i \ oodsape
s | ] Data(33ev.)
plane E 2 _ ' Signal+Backgr.
» Calculate X* : acker
. . . 1k L\
* Weight each point in ¢,- ¢, space by e™*** ; A
» Select mean of reconstructed m, distribution as 0500 150 200 2555;;0;;;;;53 00350
Reconstructed mass (GeV/cz)
mreco
m,,, = 169.8+9.2/-9.3(stat)+3.8 (syst)GeV/c* | [£=340pb"
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Best Tevatron Run 2 Preliminary

@

DO Dllepton 155.0 +]39+ 7.0
(L=230pb ")

@
CDF Dilepton 165.3 +83+ 3.6
(L=340pb") :

———
DO Lepton+Jets 169.5 +30+ 3.6
(L=320pb") :

———

CDF Lepton+Jets 173.5+271+ 3.0
(L=318pb") :

.........

New TeV Average (prel.)172.7 + 1+ 2.4
(Run1 + Run2)

]
Run 1 World Average 178.0+57+ 3.3
(Run 1 anly) :
| 11 1 | | [ I | 11 1 | | l 1 1 1 | 11 1 |
140 150 160 170 180 190

Top mass [GeWci]

average

* The mass of top quark 1s known
with accuracy of 1.7%

* In the current top mass world
average (only the best
measurement from each
channel/experiment used),
dileptonic measurements have
11% weight
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