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Motivation

Q Enormous mass BN

Same scale as EWSB s
Yukawa coupling of ~ 1 5 i }H%{; T S
- g ™ H oG
%"‘ b s
a8 0 + + + t + + + t + + + +—t—t
PR . S .
—r — — QBB 1990 1992 1994 1996 1998 2000 2002 2004 2006 y
QUARKS
d W/thm the SM
By generating large radiative corrections = (R e
2
W Ct M
W
b |
helps constraining the Higgs mass

150 175 200

U BeyOnd the SM m, [GeV]

discrepancies in the results across different decay channel could provide hints of new physich”:
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Experimental Environment:
Fermilab Tevatron

mrviLaps acceLerator cuany = S0 far the only place where top has been
{/— — MAIN INJECTOR prOduced

'K\\ O  Ppbar collisions at 1.96 TeV (since 2001)

N

TEVATRON

=== 1Y) O About 5 fb' on tape for both experiments,
i - - = ! ~
(i e == = -;;///"‘/" TARGET HALL J; I
N UL anmieroTon ra
- S \:";:..\?DLIHCE
\HH""""-.-.:.-:" N = so0sTER
l ———— ,f*// LINAC
_d,‘;/;‘ = COCKCROFT-WALTON

nnnnnnnnnnnnnn

NEUTRING

O Two multi-purpose de“tgctors

— accurate tracking system with Sl
— Calorimeters to measure e, vy, jet energy

rrrrrrrr

— Muon detection system =0
fli==il
Q Peculiarities mana b
— CDF: excellent tracking system — = Fé"éf""'“f—
— DO0: excellent muon coverage “ | - H
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Top Mass Challenges

= 1010

inel

+ A needle in the haystack: o, /o

— dedicated top triggers

%) — sophisticated event selections :\\

% Neutrino(s) escape the detector
— Indirect measurement of v energy: MET

— hypotheses needed to constrain the kinematics
(dilepton channel)

% Jets of particles instead of quarks are measured
— Several jet-to-partons (“j2p”) possible assignments

— Procedure to report jet energy back to partons: “Jet
energy scale” (JES)

— Not all jets originate from top/W : gluon radiation
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Jets
in top mass analyses

- JES corrections account for: 0 W—
— Detector effects (non-linearity, non-compensation, | :

multiple ppbar interactions, ...) EM : { Calorimeter jet

— Physic):s effects (underlying event, energy out of the jet g
cone :

- JES calibration “in situ”(ttbar only):
— invariant mass of dijets from W needs to match W mass Particle jet

— possible in [+jets and all-jets channels
— Calibration returns a JES shift “A 4 __
:° o

*  Flavour tagging N
— vertex displacement hints to long-lifetime

hadrons from b’s (“b-tagging”) N A
— decreases j2p possible assignments by

&
Primary verbex -

— increases signal to bg ratio 9

f -
db -
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Analysis techniques

Matrix Element (ME): exploits an event-by-event probability

. Mg - ... P L
P(x|m,b )= z qu)6| (99 V) dz\dz, fopp(2)) frpr(2,) TE (X | Y,0 55)

Dp FF | DO Ru:’l b prel., L|=2.5f5‘ i;/""' o
; o
- i . i PDF 3
% Event observables (Pulep P ujet) M :LO ME for signal or bg processf . : Detector response .
- _ or incoming partons
y = parton momenta

given a particle momentum y |

R |

FF = flux factor

events 70 ﬁsA 1né12,p Gev
CDF Runll Preliminary (2.9 )
Template method (TM): \
1) Choice of a m, estimator (typically event-by-event ?

L I
160 165 170

reconstructed top mass)
2) Build distributions (“templates”) on simulated events

3) Fit the data to a combination of a mass-dependent signal
template and of a bg template

Events/(10 GeV/c?)

=
<>
T

[ ] Data(328 ev.)
[ tt+background
I Background

[53
<

<

100 150 200 250 300 350
Reconstructed mass (GeV/cz)
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Dilepton channel

High S:B (3:1) ,low statistics

Event selection algorithm
v Two leptons (P; >15 to 25 GeV)

v’ Large MET (>25 GeV)
v' At least two jets (E; >15 to 20 GeV)

v'Other topological cuts to reject bg

Main background

v Diboson, W+jets (fake lepton),
Drell-Yan

Main Challenge

Kinematics underconstrained

(2 undetected v’s)
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w: Dilepton

po

® /+jets —»T1 main bg

Q  Combine Run lla (JLdt = 1.1/fb) Run lIb of
(JLdt = 2.5/fb) to get:

i
1

N4
dilepton D D@ Run lib prel., L=2.5fb'
D st - T T T T
eMd channel onl =
3 -

p1
p2

%2 / ndf

13.26/8
0.09167+ 0.03843
3.13+0.05955
175.3+0.07277

80
Mygp (GeV)

O Integrate over neutrino n’s to constrain kinematics
O define a event-by-event weight w distribution

— w depends on MET  -MET zod ™

a Templates for (mean ,width ) ;EE itng uron

0 Combination with ME measurement gives: g‘;:_ﬁ: Al
0SSN NS

D@, VWT
m=170 GeV

200 250 300
Top Mass [GeV]

DO, vWT
m,;=170 GeV
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: Dilepton

A
5 4 — <§d/ile on B e
s |® — e CDF best g e
g - . - = 18| CDF Run Il Preliminary (2.0 fb ) °
E 351 %  TradHional Zeiscdion . . 166 [ ]
g S 0 Evolutionary NN for event selection 1 ® .
" ok I : ¢ .
a - ® Optimized on mass resolution 2 .
c  3F ‘oa — . . 10k °
@ O0goe e 20% improvement despite of lower S:B & J
- 0[Joe 81 °
fimmmmmmmmmmmsmmenen '! 6 [ ° [ ]
2.5 ] .| ] | B 4L ¢ ..
0 02 04 06 08 1 o -
Signal Fraction 2r ®ee®
Qo5 760 765 170 178 180 185 190 195
M, (GeV/cY)

ZE CDF Runll Preliminary (2.9 fb™)
- 0 328 selected events (about 163 ttbar) .
S % &
4 9 Integrate over neutrino ¢’s to constrain kinematics = T

0 Reconstruct an event-by-event m, via x? minimization %,

e M (;i‘i,,cif" =% _, use of a) Breit-Wigner distribution functions instead of Gaussian ol = il

b) and I',=I"(m,) as in the SM
/ea dS to 2 0 % impro Vemen t Reconstructed mass (GeV/cz')
0 Build templates and fit to data
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Lepton+jets channel

ics: the golden channel!

Event selection algorithm

v 1 lepton (P> 20 GeV)

v’ Large MET (> 20 to 25 GeV)
v' At least 4 jets (>20 GeV)
v' 1 b-tag — S:B = 3:1

Aln(likelihood

- 160 170 180 i9{J:
4L Top Mass (GeV/c”

Main background

| v QCD multi-jets (fake lepton), W+HF
| | (HF=b,c), W+jets (fake b-tag)

Events/(10 GeV/c?)

.............

P | IO I P O R R B |‘1—L‘I
100 120 140 160 180 200 220 240 260 280

Reconstiucted Mass (Ge\/'!cz) Pro b Ie ms
Figure : Reconstructed mass distribution for the btagged W+ > 4-jet events {salid). v J2p pOSSIble aSS|g n mentS .
Also shown are the background shape (dotted) and the swm of background plus
Monte Clarlo for M,,, = 175 GeV /c? (dashed ), with the background constrained to the
caleulated value, S?if:g events. The insat shows the likelihood fit used to determine 1 2 (1 b_tag )! 4 (2 b-tags)

the top mass,
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'--.____J_I_‘_J_L |- Transfer Function

: lepton+jets

Light quark angular transfer function,n =0, m=5

ME, [Ldt = 3.2/fb

. [
S 22504

©

4>
t200—
150
100

578 selected events (about 425 ttbar)

50

Parametrizations of angular and
energetic detector response

Neural network discriminant |

e NN for a better signal from bg separation
vaef- . oD — returns the per-event expected bg fraction f,
“E — different f,, evaluated for “bad signal” (ttbar with gluon jets, dilepton,
“E etc.) and non-ttbar bg
N A A CDF Run Il Preliminary 3.2 fb”
.1 0.2 0.3 0.4 0.5 06 07 ;,,-,:,f; ",?fuipu: @ 14 E—
Weight j2p assignments with b-tag probability i
JES calibrated in situ 3
M,,, estimated from likelihood profile along A ¢ axis o
4’— —AllnL)=-05
V2= —Afln L) =-2.0
M, = 1721t 1.2(stat.+ JES)t 1.1(syst.) GeV o —atp-4s T
(5Mt0p /Mtop = 0.9%) 167 168 169 170 171 172 173 17:nt (g;v‘[(;zg

21 June 2009 - Blois Conference Marco Trovato - SNS & INFN Pisa 11




ME, JLdt =3.6/fb

Events with at least 1b-tag are selected
— optimized NN is used for b-tagging

different quark flavours, jet P; and n

D@ Run lIb Preliminary, L=2.6 fb"

JES
o

1.

1.05(

1.02

1.01F

1t AlnL=2.0 M

: top
0.99 F

T (5 M top / M top

My, (GeV)

: lepton+jets

eta region 1 ;o

eta region 2

W, (1/GeV)

aaaaaa

(GeV)

W, (1/GeV)
°
g
3
T

14

Energetic detector response parameterized for

o
S 8
T

e

°

5
T

o

Q

=]
T

o
9
53

o
2

e+jet and p+jets samples studied separately

— signal fraction for likelihood calibrated in each sample D Run ib Preliminary, L=2.6 fb"

M= 174.8+1.3 GeV |

1__
 lepton+jets
- 2D with prior

°[" calibrated

oF leptons{ets it prir Combination of Run lla ([Ldt = 1.0/fb)
o \ and Run IIb (JLdt = 2.6/fb) ) returns:

=173.71 0.8(stat.)t 1.6 (syst.+ JES) GeV
= 1.0%)
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All-jets channel
Very tiny S:B (1:400) ,high statistics

Event selection algorithm
v' 6 to 8 central jets (P; >15 GeV)

v' At least 1 b-tag

Main background
v QCD multi-jets

Main Challenge
v Huge background

v Many j2p assignments
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All-jets best

— top mass (mt)

CDF Run Il Preliminary (2.9 fb™)

1 tag events m:m

top

By
s [
< 300
5 —+— Data
3
§ 00 M Fittea it
Yor Fitted Bkg
200~
%2/Ndof = 27.6 / 38
150 l
Prob = 0.895
100 i i
50 - " itﬁ
[ + -
[ 4 :*t*
ol R R BT o~ e SO
100 150 200 250 300
mpe (GeV)

NN exploited to select events
— jet-shape variables recently added to
distinguish between gluon jets (bg) and light-quark jets (signal)
— increases S:B up to 1:4 (1:1 if 2-tags)
— NN different threshold for 1-tag and 2-tag sample
— 3893 selected events (about 907 ttbar)

Event-by-event we reconstruct (via x2 minimization)

— W mass — allows a mt-independent JES calibration

Fit templates to data:

oM,/ M,

= 1.5%)

Fraction of Events/(5 GeV)

0.
0.

0.

= 174.8t 2.4(stat.+ JES)t ; (syst.) GeV

e

=

~
T

e

goy

Fraction of Events/

o
B
T

[=]
(=]
L B

06—
04—

02—

e templates, 1 tag events (Mmp =175.0)

B 2Es--30

AJES=-1.0
AJES =+1.0

AJES = +3.0
— P(M*™|M_,AJES)
t top

150 200 250 300
my= (GeV)

[=] [=]

- = = e
N = = 2]
T [T T

o
-
I

0.08-
0.061
0.04[

0.02[-

oot my° templates, 1 tag events (Mmp =175.0)

B 2Es--30

AJES =-1.0
AJES =+1.0

AJES = +3.0
—_PMT|M_AJES)
W top

il
40

60 80 100 120 140 160 180 200
mi° (GeV)
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. Orthogonal measurement

TM, JLdt = 1.9/fb Q L+jets sample
— 3 jets (1 b-tag), 24 jets (2 b-tag)

Two m, estimators

CDF Run Il Preliminary (1.9 fb”) CDF Run Il Preliminary (1.9 fb™)
[Mttbar.c =8.2 pb ] | | ' ' ttbar.(il =82 Dllj
[ ] Other ] 70 [ ] Other
S0 - I Single Top ] 60 I Single Top
Vet ] 3 B W-+jet
a0 [ B QCD ] 0 B QcD
—e— data 3 —e— data
30} KS Prob 0.986 . 40 KS Prob__ 0.48
] 30 kb My, = 173585 (stat.)t 4.2 (syst.) GeV
20 MtOp =176.7¢ %3090 (stat.)t 3.4 (syst.) GeV ' 20
10 | ] ok
0 : ] 0 -
0 50 100 150 200 250 300 05 0 05 1 15 2 25 3 35
LepPt [GeV /] L2d [cm]
Combination v Minimal correlation to JES
M, = 17531 6.2(stat.) £ 3.0 (syst.) GeV | v But poor statistical resolution
OM o, I My, = 3.9%) — promising for LHC!
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w . Orthogonal measurement

Based on m-dependence of o,

Jd |+jets, dilepton samples
— T included

— 23 jets (I+jets), =22 jets (dilepton)
— 1 b-tag

measured

0 M,,,=170GeV)= 8.181 £ 095 (stat.+ syst.) pb

o, (pb)

III|III|III|II||III|III.'|I
g
Q

DO,L=1fb"

)
-
-
-
s
v
.
-
«
-
-
‘e
-

~.
-
. .
s
- z
-
- -
-
-
~
-
gy
-

=—@— Measured O

Cacciari et al., JHEP 09 127 (2008)
Moch and Uwer, PRD 78, 034003 (2008)

T80 190"
Top Mass (GeV)

1 ] 1 1 1 1 | 1 1 1 1 ] 1 1 1
150 160 170

Depending on the input from theory we obtain

M,, = 1675t 3§ GeV (NLO+ NLL QCD)

v
— /

Less accurate than direct easurements

Does not heavily rely on (LO) simulated
ttbar

— less sensitive to difference between
MC and pole masses :
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Systematic uncertainty
on top mass

Example of OM, > @CDF
Systematic source | L+jets (GeV/c?) | Dilepton
Calibration 0.2 -
MC generator 0.5 0.2
ISR and FSR 0.3 0.2
Residual JES 0.5 2.9 v" JES uncertainty dominates
b-JES 0.4 0.4 (also after in situ calibration)
Lepton Pr 0.2 0.3
Multiple hadron mteractions 0.1 0.2
PDFs 0.2 0.3
Background 0.5 0.7
%/Ecvé Color reconnection 0.4 To be done
~HAN Total 1.1 3.1

With the available high stats, M,

op
CDF and Dd are discussing intensively to:

— make sure to consider all relevant uncertainties

| — avoid double-counting of the same effect

| — achieve a uniform treatment of systematic uncertainties where possible

measurements are limited by 6Mtopsys‘
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analyses leads to

Combination

CDF Top Quark mass (*Preliminary)
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
(1.9 171.2+2.7+2.9
—
Lepton+Jets (Lxy+lepton p_)
(1.987) v 175.3+6.2+ 3.0
@
Lepton+Jets
(3217 1721+09+1.3
— =
All-hadronic
(2977 1748+1.7+1.9
. -0~
CDF Winter 09
¥ 1726+ 0.9+1.2
@27 (stat) £ (syst.
¥2/dof = 3.6/6 (73%)
| | | | | |

150 160 170 180 190 200
My, (GeV/c?)

Combination of most accurate DB “<pretiminary Winter 2009

Run | Dileptons & 168.4 + 12.3+ 3.6 GeV
Run | Lepton+jets H—8—H  180.1£3.6+3.9 GeV
Run Il Dileptons * H—a—H 174.7+£ 29+ 2.4 GeV
Run Il Lepton+jets * HH 173.7£ 0.8+ 1.6 GeV
DO combined  (March z00%) HeH 174.2 £ 0.9+ 1.5 GeV
Waorld average arch 2009 HH 1731+ 0.6 + 1.1 GeV
Run Il o(l+jets,lll+t) * —— 169.1+ 5.6 GeV
1 1 1 L 1 1
150 160 170 180 180 200
Top Quark Mass (GeV)

arXiv:0903.2503

Tevatron world average SMarch ’092

M, =173.11 0.6 (stat.)t 1.1(syst.) GeV

(M | M, = 0.75%)
N

top
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Conclusions & plans for
the future

CDF Top Mass Uncertainty d  Already beyond Run Il goal (8Mtop ~3 GeV )

‘0 (all channels combined) — but still more data coming
% E 1fb' 2fb" 4fb" 8fb" ) _ _ o
> R R O Precison now dominated by systematic uncertainties
o ¥ . .
5 — In order to push it down we are planning to:
g | 7 CoFResuts o L < 1% i. Understand better physics models
f 15_ ¥  RunllaLigoal (TOR1996) - * ISR/FSR with the increased Drell_Yan samples

Scale A(stat) /\NL, Fix A(syst) . Improved color reconnection models

(assumes no improvements)

Scale A(total) /NL
{improvements required)
| | L1 1111 | | |

N i.  Disentagle correlations among different

11 . 1 1 . . . .
10 tegrated Lominosity (b uncertainties (i.e. residual JES Vs MC generator)

More info available at

> http://www-cdf.fnal.gov/physics/new/top/public_mass.html

» http://www-d0.fnal.gov/Run2Physics/top/top_public_web_pages/top_public.html
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Backup
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Lepton+jets & dilepton
TM, JLdt =3.2/fb

Simultaneous measurement in the lepton+jets and dilepton channel
— lepton+jets events with at least 1 b-tag

lepton + Jets, 1-tag Signal probability (|H|m'= =1720 GeWc"‘)

Two event-by-event m, estimators are chosen

Nﬂg 110 n.0012
8 100 = Lepton+jets: reconstructed top and W masses
E ] 0.0008 . . . .
3 — allow for in situ JES calibration
80 | Fri ‘,,I 0.0006 .
o .. Dilepton: reconstructed top and transverse top masses
o w2 — @SSUMptions on neutrino n's (Neutrino Weighting Algorithm)
* "8 140 60 180 200 = to constrain kinematics
myee° (GeV/c
Fit the data with 2D templates: _ gpp hertom. 0128 Sanalprobabily W,, = 1720 6V) s
-‘?3 180 —f 0.25
Lepton + jets: M, = 172.8+ 3 (stat.+ JES)+ 1.1(syst.) GeV < 160 ]

E140—:

100

Bo_i 0.05
. - 1.5 ]
Combined: M, =171.7t (s 60
p g o
100 120 140 160 180 200 220 240
oM,/ miWA (GeV/c?)
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CDF Runll Preliminary (2.0/fh)

-'"'I""I""I_""I""I""K'D'até"'l"'-
5 . »nx Bkg. Uncert H
. EZ—=ee
BZ—=uun
[Z—
Il fakes
[ Diboson
Bt

.ll.'.

_Events

0

10

1

02 03 04 05 06 07 08 09
Neural Net Output

Sample composition dependending on NN

cut

— Drell-Yan reduced
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Top Production and
Signature

Produced in pairs mainly via strong interactions — ~ 6.7 pb (Mtop =175 GeV)

- g<t
q t

g

g

B 0o

P

<

t

AT

o

g - 1

1

w

s |

W
—
q t -
a a
'y b
fYC\ENE 7
I-_.-_J.._-lf’ —
%, w e
"4 - o -
o
’ q t .

q q

1 q :
q || ek
q v

-

Decaying in Wb ~ 100 % of the times — 3 possible signatures depending on W’s products

> | all jets 44%

— 2 b-jets
— 4 g-jets

dilepton 5%
— 2 b-jets
— 2 highPT e/ p

— large missing transverse
energy (MET)

.
»

1+jets 30%
— 2 b-jets, 2 g-jets
— high PT e/ u
— large MET
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24
22
20
18
16
14
12
10

2
Ty, (GeVicY)

N o

L il [T S T T SV TN SN SV T S S SV N S SAVEIN N SAA W1
100 150 200 250 300 350 400
2
M, (GeVic?)

o=
o

G M,
[ (m)= —E—m (1- =) (1+ 2

M,
)
mt

21 June 2009 - Blois Conference Marco Trovato - SNS & INFN Pisa

25




Acceptances

Process

Expected number

Signal (tt)

162.6 £ 5.1

Dilepton (Neutrino ¢ Method)

Lepton+jets

Z/vy"

Wz
A

— &

+

Zjy" — pfﬂu

Z/A"

— T

Fakes

tr-

10.5 &£ 1.0
3.8 £ 0.3
0.9 &£ 0.1
20.8 £ 6.0
9.1 £ 3.1
19.6 4+ 2.4
80.2 £ 15.7

Total background

145.0 £ 17.3

Background 1 tag = 2 tags
non-W QCD 234 4204 | 1.6+ 2.3
W +light mistag 22,1 £+ 5.7 0.4 4 0.2
diboson (WW, WZ, ZZ)| 55 0.6 0.5 + 0.1
L= ee, il TT 3.6 £ 0.5 0.3 + 0.1
Sum of above 3 312 £ 5.8 1.2 £ 0.2
W+ bb 324 4+ 125 | 6.6 £ 2.2
W+ e 19.4 + 6.7 0.9 4+ 0.3
W4 e 10.3 £ 3.6 0.5 + 0.2
Single top s-chan 24 4+03 0.9 4+ 0.1
Single top t-chan 27 +£0.3 0.7 4+ 0.1
Sum of above 5 672 £ 218 95426
Total background 1218 £ 31.7| 123 £ 4.4
Predicted top signal SO7.8 &£ 55.7(117.2 £ 19.0
Events observed 459 119
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. Orthogonal measurement

CDF Run Il Preliminary (1.9 fb™)

CDF Run Il Preliminary (1.9 fb™) = . . ; . : :
= 0.66 F—" et R . S ol P
‘i ,/'//: % : / :
AV A ) 6o b ]

5 P : . ]
<062 f - : & g -
08t ~ : S ssl ]
, 8 ! P
058 [ - g v . //
] 56 [ - ]
0.56 [ ; : : /
054 | ] 54 : b
0.52 : N ]
0.5 B~ ] r ]
130 140 150 160 170 180 190 200 210 220 S0 i . \ s s . . . =
Top Mass [GeV / ¢] 130 140 150 160 170 180 190 200 210 220

Top Mass [GeV / c:]
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82 : Orthogonal measurement

LT

Systematic L2d | LepPt |Combination
Level 1, Eta Dependent () 0 ()
Level 4, Multiple Interactions| (0.1 0 0
Level 5, Absolute 0.2 0.1 0.1
Level 6, Underlyving Event () 0 ()
Level 7. Out of Cone 1.0 0.2 0.6
Level 8, Splash ont 0.1 0.1 (0.1
Simultaneous 1.0 0.3 0.6

TABLE IV: Svstematic Results

Systematic L2d | LepPt |Combination
QCD Radiation |0.9] 2.3 1.5
PDFs 0.3 0.6 (.5
(Generator 0.7] 1.2 0.6
L2d Scale Factor | 2.9 0 1.4
LepPt scale () 2.3 1.1
Bkg Shape 1.0 2.3 1.6
Out of Cone JES| 1.0 0.3 (0.6
Total 3.4 4.2 3.0
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w . Orthogonal measurement

; 1 ; , ,
Tlmg ) = m—4[a-+b[?nt —1mg ) +e{my —'ﬂ?-DJE—FdUHt—ﬂ?-DJS]
t
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Color Reconnection Systematic

Strong color correlations between the hard process and the
underlying event are required by tune A and similar tunes. These
effects are interpreted as sign for color reconnection.

The issue has been studied at LEP for the W mass measurement

LEP Tevatron

|
: Preliminary MC studies have

q q
CR effects on the M, indicated possible contributions
measurement at LEP
contribute to systematics bl to the top mass

systematics of
order

Color
Reconnection

CR(sys) = 8 MeV (oxample) %

out of 22 MeV (total sys) < CR(sys)= 0.5 GeV

Soft Vacuum Fields?

(LEPEWWG hep-ex/061203) Wi a8

Q‘mproton beam remnant .
D. Wicke and P. Skands arXiv:0807. 3248V1
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