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Top mass measurement: Motivation s

Q Enormous mass
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3 Within the SM — =
By generating large radiative corrections
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helps constraining the Higgs mass
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Q Beyond the SM s Tl
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discrepancies in the results across different decay m, [GeV]

channels could provide hints of new physics
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Top Production and Signature

INFN

Produced in pairs mainly via strong interactions — ~ 6.7 pb (Mtop =175 GeV)
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Decaying in Wb ~ 100 % of the times — 3 possible signatures depending on W’s products

| > all jets 44%
- 2 b-jets
(a |[a ) - 4 g-jets
W a a
.-_Jr . . q q
;-
i U
q e/n
w e
~ R
!:‘_J — .
» dilepton 5%
- 2 b-jets .
2 high PT e/ I+jets 30%
— large missing transverse = 2 bijets, 2 q-jets
energy (MET) - high PT e/ p
> - large MET
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State of the art @ Tevatron

CDF Top Quark mass (*Preliminary)

Py
9

All-hadronic
(Run I) 186.0+10.0+ 5.7
Dilepton
(Run I) 167.4+10.3+4.9
®
Lepton+jets
(Run I) 176.1+5.1+ 5.3
. ——r
Dilepton
(1.977) 171.2+27+29
P ]
oy - (yiepton by 1753+ 6.2+ 3.0
=@
Lepton+Jets
(3277 1721+ 09+1.3
—— =
All-hadronic
(2917 1748+17+19
R @
CDF Winter 09
- 1726+ 09+1.2
@2 (stat) + (syst.
y2/dof = 3.6/6 (73%)
\ \ \ \ \ \
150 160 170 180 190 200

My, (GeV/c?)

DO  —preliminary Winter 2009
Run | Dilept . 168.4 £ 12.3 £ 3.6 GeV
Run | Lepton+jets H—e—+  180.1+ 3.6+ 3.9 GeV
Run Il Dileptons * H——H 1747 £ 29+ 2.4 GeV
Run Il Lepton+jets * HH 173.7 £ 0.8+ 1.6 GeV
DO combined  (March 0g) 174.2 £ 0.9+ 1.5 GeV
Werld average March 200m) HH 1731+ 0.6 + 1.1 GeV
Run Il a(l+jets,Ill+z) * ] 169.1+ 5.6 GeV
i 1 i i i Il
150 160 170 180 180 200
Top Quark Mass (GeV)

arXiv:0903.2503
Tevatron world average (March '09)

M,,, =173.1%£0.6 (stat.) £1.1(syst.) GeV
!cYM“ JM . =0.75%)
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Q Features

— Very clean sample (S:B ~ 3:1)

— Less affected from JES systematic (2 jets)
— Low statistics

— Unconstrained kinematics (2 neutrinos) e

3 Importance

As uncorrelated sample:
— contribute to improve overall resolution on M,
Due its unique bg:

— helps including/excluding other non-SM signal processes (stop)
— sensitive to non-SM background processes
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A particular top mass measurement

Documentation for this work:
340/pb: PRD 73 112006, CDF note 7641

2.9/fb: CDF notes 9048, 9433, 9505, arXiv:0901.3773

Authors: I. Suslov, M. Trovato, G. Velev, V. Glagolev, Oleg Pukhov, G. Bellettini, G.
Chlachidze, J. Budagov, Alexei Sissakian
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Selection of the events: m?,?
LTRK algorithm el

General cuts

v A well identified isolated lepton (“il”)

Vetoes
[ Cluster ET > 20 GeV E—

uonod9d

MET < 40 GeV
(f 76 GeV/c? < My —gig <106 GeV /¢2)

¥ A well isolated track lepton (trkl) * Cosmic
— P1 >20GeV * Same sign dilepton ltrk

~* A@(tl, MET) < 5°;> 175°
* A@(trkl, MET) < 5°
* A@(MET, jet) < 25°

2
%
e A e (if MET<50GeV)
_’ ET > 25 GCV @ electron ’ ? ]':Jt 2 fB]
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Compared to the other competive selection (DIL)

1) Statistics is increased at the price of higher (but

well modeled) background rates

PRD 73 112006 DIL LTRK
Luminosity 340 pb~! 360 ph~!
Expected ¢f 157 = 1.3 19.4 = 1.4
Direll-Yan 55=12 B7x33
Wi— ) + jets fakes is= 1.4 40x1.2
Diboson L6 =03 2004
Total background 105 = 1.9 147 =36
Total expected 26,2223 341239
Observed 33 46

6) We investigate a sample otherwise unexplored

Percentaged normalized
— to LTRK U DIL

LTRK N DIL DIL
(44%) (60%)
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The method: event by event v

-
> Constrain the kinematics — PHI method: Ll P ——
Assume @,, @, of the neutrinos as known T _
— optimal 144 point grid created in (0,m)x(0,m) e -

> Kinematical event reconstruction:
— for each (@,,9,) we minimize X2 with respect to M,

)2 :)G?eso +)£0nstr _

2

P i i
X%eso E P E —21In(Cr (PJ | P ) + E UE )

I=x,y UEZ

Iy
Xonstr = 21n(BW(m"11‘;i | My gy, ) —2In(BW (202 | My T, )

mny

—Zy&BW(ml{lVih AT, )) —21n(BW(ml2V2J2 |Mt rM )
. 4 /" . L

top mass- VI

L —M?)? +T°M
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The method: sighal templates

INFN

v nale
i Fisica Nucleare

A signal mass template defines the probability density function to renconstruct M from

a ttbar event generated with M,

Signal templates are built from
events generated within a top
mass range 155-195 GeV/c2

Probability/{5 GeVic®}
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dy 0 o
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g E 0.04
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oozl .02t

1| Lo

100 150 200 250 200 3250
Reconstructed Mass, Gevict

100 150 200 250 200 250
Reconstructed Mass, Gevic

100 150 200 250 200 350
Reconstructed Mass, GeVic’

177 GeVIc? 183 GeV/c? 189 GeVic?
0.1F L
Mean 1596 Mean 1634  goal Mean 1668
0.08-
noal RMS 2245 RMS 2359 ool RMS 2447
Hy Hy 007 vy
% % % .06
006
B 0081 g B 051
= = (.05 =
> > 2
= = = 0.04
3 004l 5 004r a
L] o [+
s 2 003 B M
o % o
p.02k 0.02- 0.02-
00t 0.01-
| | L | ol | | | ol | | 1 |

100 150 200 250 300 350
Reconstructed Mass, Gevich

100 150 200 250 300 350
Reconstructed Mass, GeVic

100 150 200 250 300 350
Reconstructed Mass, GeVic’

‘;_b,.q.x?‘_m_‘\Templates are parametrized with analytic functions (f;) depending on M,
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Bg contamination [

> LTRK sample is affected by three main bg processes: DY, Diboson, W+jets (“fakes”)

— DY & Diboson are simulated and weighted according to their cross-section
— Fakes are obtained from data

Reconstructed events are normalized to the expected rates

CDF Runll preliminary (2.9 fb™)

Process Expected rate Eo
B - orel-van
([Ld1=2.9/ fb) B rae
A pred. + 1o
Signal (ttbar) 162.6 + 5.1 —
Diboson 152+1.0 Signal region
Drell-Yan 49.6 +7.2 /
Fakes 80.2 +15.7 >
Total background 145.0+£17.3 ]
N 0 1 Y, >2 J
' tet

Bg control region
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The method: bg templates g/'?

A bg mass template defines the probability density function to renconstruct M from a

non-ttbar event

Total Drell-Yan Total Diboson

015 1 Mean 1586

t RMS 37.5

& Mean 1706
RMS 44.44

o
-y

e

T

0.05- ' :
0.05- i

Probability/(5 GeV/c?)
Probability/(5 GeV/c?)

| — e -
L L | L L L o I | i L

100 150 200 250 300 350 100 150 200 250 300 350

Reconstructed Mass, GeVic Reconstructed Mass, GeV/c’

Fakes Combined

015~ Mean 162.1

RMS 39.98

Mean 157.5
{ RMS 36.54

0.151

=}
-
T
e
™

oo0sl ¥
0.05-

Probability/(5 GeV/c?)
Probability/(5 GeV/c?)

oL+~ e T I
| | | | | | 0 | | L
100 150 200 250 300 350 100 150 200 250 300 350
Reconstructed Mass, GeVic Reconstructed Mass, GeV/c’

> Templates are parametrized with analytic functions (f,) M,- undependent
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The method: Likelihood gf'?

reco

* The likelihood expresses the probability thata M ,
distribution be obtained from a sample of N events
composed of ns signal events and no background events

og = ogsha,pe ' o%a,ckg?‘ ’ c’%m*am :
®
my ]wtop +@ f b(nl’n)

(ns+np)
s =+ T

N
)
shape — N H
ny < ny "
y, 2

n=I1 Expected background rate and its

) ) uncertainty

«iﬂback‘g? = 6)~Lp( (

n% m

pamm — E'Lp{ 0.5 O ‘ @)TU db) + 68) V_l(g_ 6_()))]} paramtfﬂlrlzzlt?;ils and

covariance matrices

Miop corresponds to —In[L Jmin
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Calibrations (A

ST o 4
g CDF Runll Preliminary (2.9 fb'1) g 03 CDF Runll Preliminary (2.91™)
= £ = = L _
o Slope = 1.01 % 0.01 £ 02 const . =:001£0.02
2 180 - £ 01 =+ I - T
= 180 : Z 7 . ¢t - 1% 4 ¢ }
S 175 0 -
i E ok Lie ¢ 7
2 170
= 165 g 02 B[yt ]
- g-03 ° |
S 160 o CEPY T R B R
12" 160 165 170 175 180 185 190 = 160 170 180 ) 190
S, Input Top Mass (GeV/c") g 15 Input Top Mass (GeV/c")
r — = =
2 Const €70.13+0.10D 2115 ¢ const % 1.009 = 0.005
2 L 11} i
z : £1.05 1§
T . IR TS R SR T I IS S SR
— F o b 1 i 1 1 i t + —1 = r
Ry ' £0.95 -
> : S 0.9 -
< 2 £0.85 |
3 160 165 170 175 180 185 190 = 160 170 180 . 190
Input Top Mass (GeV/c?) Input Top Mass (GeV/c”)

m, -M, =M, —0.13 GeV /c®  to correct for the bias

oM,,) oM, )=0M, )*1.009 tocorrect for error underestimation

top
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Systematic uncertainty N

Kost”
Source Uncertainty (GeV/c?)
Jet energy scale 2.9
b-jet energy scale 0.4
Lepton energy scale 0.3
Monte Carlo generators 0.2
[nitial and final state radiation 0.2
Parton distribution functions 0.3
Luminosity profile (pileup) 0.2
Background composition 0.5
Fakes shape 0.4
Drell-Yan shape 0.3
Total 3.1

* JES is ~94% of the overall systematic uncertainty
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[Ldi =29/ fb
L NEP=1450£17.3

CDF Runll Preliminary (2.9 fb'1)

100 | Constrained fit s
80 - 3
T i
S 1
-~
% L
UGO* 0.‘|.‘\¢_/.|‘.
= I 160 165 170
—
3
= 40
o
B
= [ ] Data(328 ev.)
200 [ tt+background
B Background
0 =

100 150 200 250 300 350*

Reconstructed mass (GeV/cz)

Results in Data: Constrained Fit

Fit result

N,, =146.1+ 2

M,, =165.35+33 (stat.) GeV / ¢”

CDF Runll Preliminary (2.9 fb™')

1400 - Constrained fit
E MC (M, =165 GeV/c?)
= Data

Number of PE's/(0.1 GeV/c?)
[e.~]
E

400 -
200 - j
(| J . WL L RN Ly

8 6 -4 2 0 2 4 6
Statistical error (GeV/cz)

18% PE’s with larger error

8
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Previous Result and Improvement s

With respect to the previous published result
M, = 169.7f2‘_3 (stat) = 4.1(syst) GeV /¢*), PRD 732006
we note: 12 ¢ P
11 JLdt=340pb™ i i
10 f L
A ~20% improvement in mass i~ T "
sensitivity due to the introduction in _'E 9r C
the 2 of a BW instead of a Gaussian 3 [ | & :
distribution E o . ‘ : E
S r Error before
5 7 : : :
- Error now
ﬁ =

140 150 160 170 180 190 200 210 220
2 September 2009 — CDF ltalia M. Input Top Mass (GeV/e)




Conclusions .

@

M, =165.5 +.7 (stat) +3.1(Syst) GeV / ¢”

> First dilepton mass measurement with ~ 3/fb data
- first to investigate the LTRK sample at high luminosities (50% overlap with DIL sample)
- first to use relativistic Breit-Wigner distribution function and top-mass dependent top
width in the kinematical event reconstruction

> Plans at nex step:
Analysing separately b-tagged and untagged events

Exploiting event by event probability
Increasing statistics

18
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BACKUP
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w : Orthogonal measurement

Based on m-dependence of o,

J |4jets, dilepton samples &
— T included °
— >3 jets (I+jets), =2 jets (dilepton)

- 1 b-tag

@eV) =8.18 18;33 (stat.+ syst.) pb

o DQ,L=11fb"

:"0 3 —

~~

__ ~~~~... : —, — .

B '... '.’::. T e

C e ; G

[~ —@— Measuredo, .."n'.‘;.”

C Nadolsky et al., PRD 78, 013004 (2008) ~~***+.ll7:-. i

— Cacciari et al., JHEP 09, 127 (2008) el

C Moch and Uwer, PRD 78, 034003 (2008) -

C 1 1 I 1 1 1 1 I 1 1 1 1 I 1 | | 1 1 I 1 1 1 1 I 1
150 160 170 180 190

Top Mass (GeV)

Depending on the input from theory we obtain

v
— /

M,,, =167.5+3¢ GeV (NLO+NLL QCD)

Less accurate than direct easurements

ttbar

— less sensitive to difference between

MC and pole masses
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Does not heavily rely on (LO) simulated
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