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Top Mass Measurements:

Review of the main
methods & performance

Outline: *Top Quark Mass at the Tevatron Run IT
* Top Pair Production and Decay
*Methods employed by CDF and DO, recent results
*Top Mass Error Projection
*Conclusion

Philipp Schieferdecker
CERN
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* CDF and DO produced and combined
several precision measurements in
RunII

* Large top pair sample, improved methods | —LEP1and SLD

80.5 4 -~ LEP2 and Tevatron (prel.)

* In-Situ JES calibration! 68% CL

*Current world average (July 2006): 3 |

(miop= 1714 £1.2 (staf) £ 17 (syst) GeV | =

* Remarkable precision, ~1.2%

80.3 7

* Systematically limited!

150 175 200

* Will improve with raising statistics until M., [GeV]
LHC startup (<1%)

* It will be a major challenge to improve
this precision with the LHC sample

Top-Workshop Grenoble
October 9th 2006
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@ Top Pair Production and Decay

Top Pair Branching Fractions Production and Decay 3 : i
W . ’
N 44%
/ q t L4 q ¢ | Ves Yy
,f g b
y /\\ e ] o
| | t+jets 15% » * 3 ,
| L | | W,
| / "I q TN - q Ver V, Ves V,,
. 85% qq anihilation b
15% 99 fusion T's not All-Jets Lepton Dilepton
"dileptons" considered here + Jets
All-Jets  Lepton+Jets Dilepton
BR ~44% ~30% ~5%
1:4 to0 11:1
1:1 1:4 ~2:1
S/B 000 1o varies w/ #b-tags
, W+ jets Z+jets
P
Backgrounds  Jet Production fake leptons WW.WZ

Top-Workshop Grenoble
October 9th 2006

Philipp Schieferdecker, CERN




* For each event, reconstruct m, using a kinematic fit:

o Tﬂ \ Py - I
—fajers !
N Z (1 ||I E, fit __i'-': .y !__'
— 7 e
(Mo, — M )? \i M )*
v i
l.."..lr:_,.-l. — ¥, | .I|.I|',l_.J — 117 ;I
T+ s

* Choose m, from jet-parton assignment with lowest x°

* Build template distributions from Monte Carlo samples

with different true top quark masses
* Extract result from data sample using an unbinned
likelihood fit:
-{-‘-.H:urn]'-ln — ‘{t;.I]r_:.[,,. A E-‘-ilrjfl:lu. X f-‘-nr-r X f-h-_-

* Divide events into 4 subsamples according to the number

of identified b-jets to improve statistical sensitivity
*+ events with more b-tags show better mass resolution and higher S/B
+ 1-tag(L): lower pT threshold for 4™ jet than 1-tag(T)

Top-Workshop Grenoble

Reco. Top Mass (1-tag(T))
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In situ jet ener

> The mass of the hadronically decaying W boson
provides a constraint on the jet energy calibration

> Expressed in units of the uncertainty a(p,,n) of the
external calibration

> Use reconstructed di-jet mass templates, various scales

* Reduce dominant systematic uncertainty due to jet
energy scalel

calibration:

Entries/5 GeVic?

CDF Run Il Preliminary

2-tag
e [ Al Events
:: gggh BMS = 35 GaVic®
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* Expected S/B: ~0.25

Application to All-Jets sample:

* Neural Network Selection with 11 input variables

* 6-8 reconstructed calorimeter jets, at least 1 btag

* Data-Driven Background description

* No In-Situ Jet Energy Scale Calibration



@ Template Method: Results

CDF, Lepton+Jets, 680 pb-1 CDF, All-Jets, 1020 pb-1

mi=173.4 + 1.7 (stat) £+ 2.2 (syst) GeV m=174.0 + 2.2 (stat) + 4.8 (syst) GeV

CDF Runll Preliminary (680 p -1 CDF Runll preliminary L=1.02 fio

—
1] L
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i — - Aln LsB.0° e "'4.._ ........................................................ 40
L = PO L W
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@ Ideogram Method (1)

* Based on event-by-event likelihood

e better use of statistical information, as well measured events
contribute more than poorly measured events

» Use kinematic fit to reconstruct top mass for each possible jet-
parton assignment

» take resolution of leptons and jets into account

e weight solutions by x2 of the kinematic fit

* Use Topological Likelihood Discriminant to determine the
probability of each event to arise from signal/background

* Applied to DO Lepton+Jets dataset, w/ In-Situ JES calibration
* Applied to CDF All-Jets dataset, w/o In-Situ JES calibration

Top-Workshop Grenoble
October 9th 2006
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Ideogram Method (2)

r@solution E!reu-ngFlfr

a’l \

Chi2 weighted combinatorics
—1/2:X;

Lim,,, JABW (m ", m, )dm ']+{ |-P ]-E wfuﬁﬂm”
= Background shape
~ Low-bias discriminant ﬂ / \

: — =
I i i P 1 =
0 0.2 :Jld- l:lﬁ ula D 1 ‘/
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@ Ideogram Method: Results

DO, Lepton+Jets, 370 pb-1

CDF, All-Jets, 310 pb-1

mi=173.9 + 3.6 (stat) + 2.1 (syst) GeV

m=177.1 + 4.9 (stat) + 4.7 (syst) GeV

DO Run Il Preliminary

30

= _l 11 | I I wl | 11 I 1 1 | I 1 | I_
E N N before ]
= B calibration .
% 25 — ]
E N :
ey 20 — —
15 —
0 -
5 - .
I N A T -

120 140 160 180 200 220
top mass (GeV)
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CDF Run Il Preliminary
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@ Matrix Element Method (1)

* Use each event's full kinematic information to calculate probability to originate from
1 production, as a function of assumed m,

* Calculate the probability to be background accordingly and combine to event probability:

? Pew(x:mrﬂfsgn) = fsgn P;gn{x:mf) = (l_fign) Pbkg(x)
where f__ is the fraction of signal events in the sample

sqn

* Combine all events in a likelihood
> =In L(xy,....x0m,.f) = -Z.," In P (x:m,.f.,)
and maximize likelihood w.r.t. to m, and f,

* Well measured events contribute more than poorly measured events:
achieve optimal use of statistical informationl

* I will present applications of this method to both lepton+jets and dilepton events

* Lepton+Jets: Use invariant mass of hadronically decaying W boson to obtain JES
» L=L(x,,..x m,f_ JES)
* JES is global scale factor relative to external jet energy calibration
» Reduce dominant systematic uncertainty by fitting m, and JES simultaneously

Philipp Schieferdecker, CERN 10
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Calculation of the signal probability:

-
> Integration over parton phasespace (y) Proton
* Assume all angles to be well measured Antiproton

> Assume pT(’r’_r)=D
> Parametrize detector resolution of all energies (W(x.y))

* Perform remaining (5-6) integrations using MC integration techniques:

P& mi) = 5= [ dpydpaf (po) f(pq) dow(F,m) W(Z, )

%
'\. 'I" L. ~ U . -~ i L. -~ i
Normalisation PDFs diff. xsec det. resolutions

MATRIX ELEMENT

* Consider all possible jet-parton assignments!

> Consider all possible solutions for the z-component of the neutrino momenta

Top-Workshop Grenoble
October 9th 2006

Philipp Schieferdecker, CERN 11
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@] Matrix Element Method (3)

Parametrization of jet energy resolution: jet transfer function W(Ej,Ep)

. W(EJ,EP) yields for each parton energy E, the
probability to be measured as E, (j=jet) in the
calorimeter

* Parametrized as a double Gaussian in 8E=E-E,
(5 parameters), where each parameter is a linear
function of E, itself

+ jet resolution is function of E,

* Different parameter sets for light jets, b jets, and
semileptonic b-jets. Derived from Monte Carlo
events.

* Lepton+Jets: The global jet energy scale parameter
JES is included in the event probability via the jet
transfer function:

—r

E
W(——~—F,)

W(E, E,  JES)= L;; S

Philipp Schieferdecker, CERN
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CDF, Lepton+Jets, 940 pb-1

mi=170.9+2 2(stat+JES)+1.4(syst) GeV

Single best world measurement

CDF Preliminary 940 pb”

P
m |
= |
1.05 |
| EAH‘I L=0.5
Al L=2.0

0.9 [ A W -

'160""170""1802

M, (Gevic)
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CDF, Dilepton, 1030 pb-1

m:=164.5 + 3.9 (stat) + 3.9 (syst) GeV

w/o b-tagging

Single best world dilepton measurement
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DO, Lepton+Jets, 370 pb-1

mi=169.2 + 4.3 (stat+JES) + 1.4 (syst) GeV

Single best DO measurement

*As in the CDF template analysis, the data sample
is subdivided in events with O, 1, and 2 b-tags

* ~20% improvement w.r.t. analysis w/o b-tagging

* ~30% improvement w.r.t. requiring at least one
b-tagged jet

Top-Workshop Grenoble
October 9th 2006
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@ Matrix Weighting Method

« Template Method to be applied to Dilepton events ~|M=177.7 + 8.8 (staf) + 4.3 (syst) GeV
D& Preliminary

835 pb-1 ¥
+

« Instead of a kinematic fit, solve the kinematic
system of each event numerically

d)
=

@
g—llII|IIII|IIIITIIII|IIII|IIII

Sloglikelihoo

* up to four solutions for each assumed mass and each
Jet assignment

-
Fud

=
m—h

* calculate weight w(mtop) for each solution, based on
PDFs and the probability for the lepton energies to
arise from the top decay

-]
o

=]
=]

* Resolution sampling: repeat procedure with the inputs R RS SR S

smeared according to lepton and jet resolutions m_top
[_Peak Values vs. Template | D& Preliminary

[=]
—io

* For each mtop, Sum up all the derived weights; the
mtop with the highest weight is the estimated top
mass for the event (~result of kinematic fit for lepton
+jets)

* Alternative Analysis in preparation, where the
kinematic solutions are calculated analytically,

according to an algorithm developed by L.
Sonnenschein: Phys.Rev. D73 054015 (2006)

- k3 W e W 3 = (== =1

| gl

| L
120 140 180 180 200 220 240 260 280 300

Eh
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@ Neutrino Weighting Method

* Another Template Method to be applied to m:=171.6 + 7.9 (stat) + 4.6 (syst) GeV
Dilepton events

» Instead of a kinematic fit, solve the kinematic 835 pb-1
system of each event assuming a fop mass value . . P
. . . . -u 231—
and (several) pseudorapidities n of both neutrinos § 7 Myop= 171.6 £ 7.9 GeV
= - .](
* compute weight w(mtop) comparing the missing £ 2o
transverse energy inferred by the solution withthe & [
calorimeter measurement: T 229
Niter calc obsy2 cale obsy2 B
1 T \Fra T o o i [
o= Zl exp( (£ ,zgg,E ) ) EXP( (EHEQUJ%EH ) ) 223E
- ’ ’ 227
* Resolution sampling: repeat procedure several fimes :
with inputs smeared according to detector resolutions ~ 2*°f
225- Ll 1 1 I 1 L1 I L1 1 I L1 1 1 I L1 1 1 I L1
* For each event, a weight distribution as a function of 150 160 170 180 190 200
the top mass is generated from the weighted neutrino Test Top Mass [GeV]

solutions. Mean and RMS of that distribution are
considered in the template analysis

Top-Workshop Grenoble T .
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@ Decay-Length Technique

* At the Tevatron, where top pairs are m.=183 9 *157
. = .

produced approximately at rest, the boost
given to the b-quark is correlated to the top mass: ~ ™M Inenidence intaras - Hessurad =, 7 Gueriad

(stat.) + 5.6 (syst.) GeV

-13.9

240 ——— e
=2 | CDF Run 2 Preliminary - 695 pb”
mi +mi — miy my % 50 |
vy = ot T T ~ 04 o 220
Imgmy My @
* boost -> avg. lifetime -> avg. transv. decay-length s 200
* With current statistics, this method is not 180
competitive to other measurements yet 160 | i ]
: : - : - 1839757 GeV |
* no jet energy scale uncertainty, as the method 140 e o 8
relies purely on tracking
: 0.48 0.5 0.52 054 056 058 0.6 062 0.64
* Uncorrelated with other measurements ' <L o]
Transverse Decay Length L, : Definition Tr‘uns'q.fe._r_sg Decuy LengTth mMC _____
- |
10 | \ —m,, - 130 Gev
/ | o = 180 Gav
/ o - | —_— 230 Gov
‘..K r“ ;i':rf.-- - 3
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@ Current World Average:Overview

Best Independent Measurements
of the Mass of the Top Quark (*=Preliminary)

Individual Weights in World Average

Top Quark Mass [GeV]

Top-Workshop Grenoble
October 9th 2006
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@ Top Mass Error Projection

* The figure projects the future

development of the Tevatron top mass
precision in the lepton+jets channel

« With increasing statistics, both

statistical and systematic JES precision
(In-Situ Jet Energy Scale measurement!)

keep improving

 The remaining systematic uncertainties

hit a plateau though

* Fresh ideas and concepts needed to

further improve the systematic

precision, both at the Tevatron and LHC

Top-Workshop Grenoble
October 9th 2006
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Lepton+jets channel (CDF+D0 combined)
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Conclusion

* The Tevatron experiments CDF and DO have measured the
mass of the top quark with remarkable precision (1.2%)

. Thefrecision is expected to improve further before LHC
startup (<1%)

* The precision of the current world average is already limited
by systematic uncertainties

*Many "sophisticated” methods employed, designed to squeeze out
the last bit of statistical information of only a few signal events

*Future improvements to the precision of the top quark mass both at

the Tevatron and the LHC require new ideas to reduce systematic
uncertainties
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