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Measurement Challenges

* Measure m,,, in the Lepton+Jets channel,
tt—>WbWb — lvqq’bb g

« Neutrino escapes detection

« Event signature: 4 jets (2 light/2 b),
energetic lepton and MET

0]

« Watch out for combinatorics (12)!!!

« Due to uncertain jet measurements,
combinatorics and background, can’t
simply reconstruct Breit-Wigners

Can also have additional

- Big systematic - the uncertain jet energy scale ISR or FSR (leading 4 jets
(JES) in the detector in the event may not
« How to get from complicated jets correspond to any of the
measured in the detector back to partons? partons in the ttbar
system)

« Need to measure quantities sensitive
not only to the top quark mass, but also
to AJES
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« MC: tt MC at : >
discrete M. _and Kinematic fitter

Overview (2)

Output: Reconstructed

top mass distribution

JES, neces?gry (selects best single
backgrounds jet-parton assignment)

Strongly sensitive to
true M,,, and AJES

v

014
W.. template weakly : JES:
=i dii i == AL 30,
] e (ks sensitive to true M, < of e
(use all pairs of untagged - Dio,
. . . = (130, . .Y
jets from leading 4 jets) Strong_ly correlated Soos Parameterization
with AJES £ .04 .
0oz « form two 1-D PDFs for
326 40" 66 84100126120 160 18 each template
mu,(Ge\m:’)
« Shapes vary as a function
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Event selection

« High Pt lepton trigger for 680 pb of data:
« Track and electromagnetic cluster match
« Track and muon stub match

o Jets:
« 3leading jets: Et>15GeV
« Corrected back to particle-jet level, roughly ~21 GeV
o 4thjet Et>8 GeV
« Corrected back to particle-jet level, roughly ~12 GeV
« Electrons:
e Cluster Et > 20GeV
- E/p<2
« HAD/EM <0.055+0.00045 E ;.. -
« Isolation: <10% of cluster energy on R<0.4 cone
« Muons:
« Pt>20GeV track matched to hits in the Muon chambers
« Isolated MIP deposition in the calorimeter

« Missing transverse energy > 20GeV
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0 Sample division

e Use b—tagging 2-tag | 1-tag (Tight | 1-tag (Loose | o-tag I
in silicon to 4" jet) 4™ jet)
reduce B-tags 2 1 1 0
combinatorics JetEp (GeV) | >15 1 >15 >15 >21

. (jets 1-3)
and increase B GY) 58 on -~ —
S:B Get 4)
. Divide events Expected S:B | 10.6:1 | 3.7:1 1.1:1 0.6:1
into 4 Observed Evts | 57 120 75 108
subsamples aspiacod
with different v~
S:B and tt efficiency for \ by S

at least 1 tag: ~60% Primary ~ -
template g . vertex d[)
shapes False Tag

Rate (per jet): ~0.5%

prompt tracks z
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‘ How we get m,"ece

 Our system is over-constrained

« We know M(W) = M(W%) Keep in mind that m* is a good
_ estimator for the true top quark

* Set M(t)=M(t) mass, but it is NOT the true top

 Accounting for v, balance quark mass

energy in transverse plane

« Form a y2 for each jet-parton

. . . i, fit  i,;meas\2
assignment (only leading 4 jets) 2 _— Z (7 I;T )
consistent with b-tagging i—t djets a;
* Select assignment with lowest \ Z (pr’ﬁt — p?E’meaS)Q
%2, yielding one number =, Ot

reco -

(M) per event Oy = My (M5 = My )?
» Make additional cut (32 < 9) on Iz, Iz,
best jet-parton assignment to (Myey — M) (My;; — mieee)?
reject poorly measured events + r2 r2
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B-tagging
helps quite
a bit ... but
even in
cleanest (2-
tag)
sample, we
correctly
match all 4
jets to
partons
only ~1/2
the time.
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Jet Energy Scale

Jets are hard to measure! Fragmentation, hadronization, color flows,
radiation, divergences, all difficult to model in MC. Big, overlapping
objects in the detector, and we want to correct back to the partons

Standard Calibration In-situ Calibration
01 LA L L L L B L B L) L I

o) W+

w I : . .
| Quadratic sum of all contributions -

c '\/K b-jet

g 0.08 Absolute jet energy scale k//v =~

Q

€ 006l OurtCone  About 3% of M, Scales with

g U, - E . .

5 - Relative - 0.2<n|<0.6 luminosity!

Q

5 0.04 i . Underlying Event

002 )
2 : M 1 (W)
e : resonance!
50 100 150 200 250 300 350 400 450 500 b'J t

P> (GeVic)

Measure JES in terms of AJES = JES shifts from 0 in units of nominal
calibration CDF Jet Energy Scale Calibration (o)
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W;: signal MC distributions

2-tag 1-tag(T) W resonance
' St [ A Everts g 5000 [ Al Events is visible
= 1200 AMS = 35 GeWic® 2 4000 AMS = 47 GeWic® d it
g 1000 B corr Combisos) | O B corr. Comb (21%) SLjpLiE Bk
E AMS = 14 GeVic® w0 3000 RMS = 15 GeVic® jet resolution
@ @ 2000 -
E = - (even in O-tag
U I sample, with
a(] 50 100 150 EUUEEEU 300 350 a(] 50 100 150 200 250 300 350 @ entries per
m (GeV/ic) m..{GeWcZJ
i i event).
1-tag(L) D-tag
"o [] Al Evants "o 3500 [ All Events b—tagging
- RMS = 41 GeVic® 2 RMS = 53 GeVic® 1Iv helps!
0] B corr. Comb (17%) (g 2500 B cor. Comb (12%) really neips.
2 RIS = 17 GeVic® 9 2000 RMS = 17 GaVic®
@ @
: £ 1000 Make NO y2
L | W 500 cut when
50 100 150 200_250 300 350 50 100 150 200,250 300 350 forming W..
m (GeVic) mjj{GeWcE] -

distributions
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- Parameterizations
3 M,  Generate tt MC at a
. reco % oq 7 Deewcl  grid of points in true
P 00,08 @resceve | top quark mass-AJES
templates E ook M20s Gevic Space
for ADES=0 Eu.m-
0.02° \ « Form signal (m,re
G 0 ey 22 and W) distributions at
oo each point
: JES:
W.. v F « Interpolate between
j s 0% :
templates 20.08] the points by
for true 2006 parameterizing the
£ C .
o B templates as functions
top 0.02F
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- Backgrounds

We can cleanly fit for most of the
background — not extremely sensitive
to exact number of events

Sample: 2-tag 1-tag(T) 1-tag(L)
Non-W (QCD) 0.6 £ 0.2 5.0 £ 1.4 4.4 1.4
W+Heavy Flavor 2.4 + 1.0 8.4 + 3.0 14.6 £ 4.7
W+light jets 0.9 + 0.2 6.9 +£1.4 8.9+1.9
WW/WZ 0.11 + 0.03 1.0 £ 0.3 1.5 £ 0.4
Single top 0.02 + 0.01 1.1+ 0.3 1.3 £ 0.3
Total expected ] 4.0+1.3 22.2 1+ 4.7 30.6 + 6.7
background (680 pb1) ‘\
Observed events 57 120 75

\

Used as Gaussian
constraint on number
of background events
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= Background templates

WG 2-tag 1-tag(T)
~ . —~ 0.45F
W oo W ets o a4l
To form templates: Use 3 ogel st 5 o5t
backgrounds in their expected 3 0%y Wsroece | § %53
proportions after y?2 cut, § 002 & o)
parameterize Combined % 50 100 150 200 250 300 350 % 50 100 150 200,250 300 350
m, {GeV/ic") m, {GeVic™)
template (no top mass or AJES - O " D4ag
dependence) )
0.6f
%’ 0.4
- 2-tag ] 1-tag(T) E 02
’;c-; 0:04 B w+jets “"Su'_‘ ' & 50 100 150 200 250 300 350 & to0 200 300 ,300° 500
3 s DWbE 3 mjj{GeWc) mjj {GeVic™)
2 .single—top 2
B 002 8
g 0.01 g
c'1l‘.Ill‘.Il 15lt] 2(':ICI 250 300 350 t]1tIItII 150 200 250 300 350
m;=ee {GeWcz) mg=ee {GeWcz)
0.7 1-tag(L) O-tag

0.6
0.5
0.4
03
0.2
a1

Backgrounds peak
lower than signal

Events/(5 GeV/c’)
Events/(5 GeV/c?)

0100 150 200 250 300 350

t:I1I‘.III‘.II 150 200 250 300 350
meee {Ge‘WcE) m== {GeWcE)
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Likelihood Form

For each of the subsamples define:  Lqapmple = L7 LI s Lo X L

shape shape
L:-m;'e‘:o Looping over reconstructed top masses for events passing x> cut, likelihood
shape that the event is background, or signal of a given true top mass and AJES
o Looping over all dijet masses for all events, likelihood that the mass comes
shape from background, or signal of a given true top mass and AJES
G Likelihood relating the possibility of observing some number of signal and
nev

background events passing the y2 cut given the 2 efficiencies

L. Gaussian constraint on number of background events in the sample (for all
< samples but 0-tag)

« Total likelihood is the product of the 4 subsample likelihoods with a
Gaussian constraint on AJES: Gaus(0,1)

« Maximize total likelihood, fit for Mtop and AJES and the number of
signal and background events

Jahred Adelman



Sanity checks

‘Mass Residual VS A ‘Mass Pull Width VS A
1

JES ‘

CODF Il preliminary (680pb™)

COF Il preliminary (680pb™)

1.08

iy

1.06

Mass Pull Width

1.04

1.02F %

Mass Residual {GeWcz)

1

0.98

0.96

0.94

Legend « Method is not biased
» Statistical error will be inflated by
A A e ®m VvV O 2% due to non-unit mass pull widths
166 168 170 172 114 176 178 180 » Non-Gaussian L
Mass (GeVic) « Effect will disappear with larger
statistics
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0 Systematics

Systematic source

AMtop (GeV) I

Residual Jet Energy Scale 0.7
b-jet energy (uncertainties arising from b-jet modeling) 0.6
Background shape 0.5
Initial State Radiation 0.5
Background Jet Energy Scale 0.4
Final State Radiation 0.2
Parton Distribution Functions 0.3
Monte Carlo generator differences (HERWIG vs PYTHIA) 0.2
b-tagging 0.1
MC statistics 0.3
TOTAL 1.3
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o CDF Run Il Preliminary (680 pb ) )

§ : _________ M,,p,=173.4 £ 2.5 (AJES+stat) £+ 1.3 (syst) GeV
W 2[—AlnL=8.0 My, = 173.4+ 2.8 GeV
L ~ : e, E

a I i, ... | AJES=-o. 31 +0.59/-0. 58 G,
1 | i

0 -

2 P
165 170 175 180 1%5

Mmp (GeV/c
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s CDF Run Il Preliminary (680 pb) Reconstructed top mass fits

- 30=
16 -

—~ - 2-tag: 38 events e - 1-tag(T): 105 events
o 14F o 25F
2 12f g 205
O 100 - Data (0 =
< 8 . T 15F
9 6L Signal + Bkgd a 105—
g 4 Bkgd onl g
TPY: o @ SE

0 100 150 200 250 3200 350 400 0 150 200 250 3200 350 400

m*° (GeV/c') m=® (GeV/c')
24
12 22F
—~ - 1-tag(L): 61 events 20 0-tag: 97 events
Q - o -
O 8fF S qaF
L Ty] =
T 6f S ot
3 : 8 gf
c 4r c 3
Q @ 6F
1 2F > 4F
[ [ -
25
ok . 5 0% '
100 150 200 250 390 350 400 100 150 200 250 3200 350 400
m;*® (GeV/c) m;°*° (GeV/c’)
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2 CDF Run Il Preliminary (680 pb)  Dijet fits

20 =

— 18F 2-tag: 57 events ~ Toc 1-tag(T): 120 events
e 16p g 60
14F -
@ 2 @ 50K
S 12F Data O =
2 10F 2 40
7 8 /] Signal + Bkgd @ 30
- 6L - =
— = o 20—
= : Bkgd only E =
i Kl 0 10f

50 100 150 200 250 300 350 400 D[i 150 200 250 300 350 400

m, (GeVic?) m, (GeVic?)

1-tag(L): 75 events O-tag: 108 events

Entries/(15 GeV/c?)

Entries/(15 GeVic)
coBEEBBIEES

0O 50 100 150 200 250 300 350 400
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50 100 150 200 250 300 350 400
m, (GeV/c')
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= M. =173.4+*2.8 GeV/c?

top
Mass of the Top Quark (*Preliminary) Mar 2006 CDF Top Mass Uncertainty
Measurement Mt 0 [GeV/C ] {1+l and I+ channels combinad)
. © 10 1
CDF-1 di-l o 167.4+11.4 W 16 2" 4’ 8o’
. ! > AR
DIl  di-l o 168.4 +12.8 & e
CDF-Il di-l* —e—] 1645+ 5.5 i :
; o ¥ CDFResults - ngy
DJ-Il  di-I* —@® 1766+ 11.8 o 1 o 1%
: = { = Run lla goal (TDR 1996)
CDF-l |4 9 176.1+ 7.3 ] —— scale afstat) /L, Fix A(syst)
1 1 (assumes no iImprovements)
DO 4] ' —o— 180.1 + 5.3 I,
CDF-II I+* =1 1734+ 2.8 L
_ : 10 10 10
DO-Il  1+j* —9— 1706 £ 4.6 Integrated Luminosity (pb”)
CDF-1 all-j ' @ 186.0+11.5
: 2/ dof = 8.1/8 We're already quite
; ahead of the Run lla
= * + 4— ,
Tevatron Run-I/Il -?- 1725+ 2.3 goal, but don’t want to

S 170 o0 ~56% weight! stop where we are ...
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Conclusion

« For the future, some things we’re thinking about:
« More luminosity! (probably helps more than anything else)

« Measure top mass in the dilepton channel using a template method
in one joint likelihood machinery (can dileptons take advantage of W
resonance to constrain JES?)

« Get away from parameterizations (they’re not fun), and move to non-
parametric methods (specifically Kernel Density Estimation)

« Measure top quark mass and tt x-section simultaneously (they’re
correlated in the SM)

 Revisit event selection, subdivision?
e Different b-tagging algorithms?

e For now:

» We measure m,,= 173.4 + 2.8 GeV/c2

Jahred Adelman



22

BACKUP SLIDES
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- More on backgrounds

«  W+multijets:

ALPGEN+ HERWIG with [ Wob
absolute normalization CDF Runll Preliminary {318 pb’ ) B WeT
from pre-tag W+multijets £ 200 s M, = 178 GeVic’ %ﬁfm itags
data g - ] Non-w
— W+Heavy flavor: Heavy & 400 Eiiir;gfo:{ipz -
flavor fraction from N it er
ALPGEN x tagging 2 []ti.o=8.9pb
efficiency x pretag g 300 Z S
number from data 3 ; 4 Data 318pb"
— W-+light jets: Mistag 200
rate parametrized as a i
function of kinematic 100
variables and appliedto | im0 e
the pretag data in the R~
signal region 1 2 3 a >
« QCD: Sidebands of lepton Number of Jets

isolation and MET used to
estimate QCD in the signal
region

« Diboson and Single to
backgrounds estimate
using ALPGEN
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24 CDF Run Il Preliminary (680 pb'1) 2-tag only CDF Run I Prellmlnary (680 pb ) 1-tag(T) only

| " g s —_ G
34 < o - I
L o K B -
3 Mtop = 175 7 +/ 3.4 (stat + JES) (GeV/cZ) ] Mtop = 169.1 +3.5/-3.4 (stat + JES) (GeV/c?)
AJES =-0.30 +0.73/-0.72 (stat + Mtop) (c.) 1 -2 AJES =0.51 +/- 0.77 (stat + Mtop) (c.)

160 165 170 175 180 185 190 160 165 170 175 180 )
M,,, (GeVic) M,,, (GeV/c)

CDF Run Il Preliminary (680 pb'1) 1-tag(L) only CDF Run Il Preliminary (680 pb'1) 0-tag only
-3 iDL I S B :'“\""I""I""\""\""\"“I“:
\?’ 4 :_ _: E 3 :_ S ,..S..-.g.!.?.!.!.!. ..... ,. _:
g 3 ER I i
< ; g < 2;_ ,«"Aln '%45" R ey _;
1:_ _: = Aln L=2:.0 .
- 0 | =
o ER S =

-3| Mtop = 173.7 +/- 6.3 (stat + JES) (GeV/c?) -4 Mtop = 174 1 +4 7/—5 5 (stat + JES) (GeV/cZ)

_4| AJES = 0.05 +/- 0.92 (stat + Mtop) (o) E AJES =-0.95 +0.91/-0.88 (stat + Mtop) (c,)
120 130 140 150 160 170 180 190 200 210 ) 140 150 160 170 180 190 200 )
Mlop (GEV/C ) Mlop (GeVIc )
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=2 EXxpected errors

Expected error with observed hum events

CDF Run Il preliminary (680 pb™) 3 . 9 % Of
pseudoexperiments give

smaller error

"o 450
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350
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N
—t -t
o O
o o
(=)} \II\|I\I\|I\\I|\I\I|\\I\|HII‘IIII‘IIH|III\|I
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4 2 0 2 4 s
Error (GeVIcz)
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More kinematic plots

Reco ttbar p,, 1-tag(T) + 2-tag events

KS prob = 77.9 %
B Wbb
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= One more kinematic plots

Reco ttbar mass, 1-tag(T) + 2-tag events

235 CDF Il Preliminary, 680 pb'  KS prob = 32.4 %
‘ar I Wbb
- ¢ Bl \W-jets

161 Non-W QCD

14 ! _L';' tt (M=172.5)

12— e Data

10; ] ® |

sf_ [ ] L ]

6 ! \

4= T'-‘-L.

o )
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