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Why Measure the Top Mass

® TJop mass is a fundamental parameter in SM

® |mportant in radiative corrections
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® Why so massive!
® Only fermion with mass near EVV scale
® Yukawa coupling of ~|

e Constrains SM Higgs mass and SUSY models 803

1 —LERJ and SLD
----- LEP2)nd Tevatron (prel.)

Dilepton Channel

® |mportant to check consistency between channels
(is it SM top?)

® Discrepancy could indicate new physics
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Top Decay: The Dilepton Channel

® Top quarks are primarily pair produced q W+
® Decay channel is defined by W decay modes , :
® Both Ws decay leptonically in ~5% of all decays )
® 2 leptons (e or U), 2 jets (from b-quarks), large £t from Vs ! ’
Advantages q w-

® C(Clean: little background without need for b-tagging

® [east jets of any channel (less reliant on JES, less ambiguity in jets)
Disadvantages

® | ow statistics

® 7 Vs escape undetected— underconstrained system

M tau-tau

Backgrounds > =

mu-tau
M etjets

® Drell-Yan + jets
® Diboson + jets
® Mis-ID leptons (“fakes™)

mu+tjets
I tautjets
M all jets
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Data Samples

e D@: 230 pb!, I3 candidate events in data

e CDF:Two complementary selection methods

® DIL: Lower acceptance, higher $:B

e 340 pb’, 33 candidate events in data

e | TRK:Higher acceptance, lower $:B

DY

- 2 leptons with pt >15 GeV/c
- 2 jets with pt >20 GeV/c,

- Er >25 GeV, 40 GeV for same
flavor leptons

- Hr >140 GeV

- 80 GeV/c’< my < 100 GeV/c for
same flavor leptons

*PRL 93, 142001 (2004)

e 359 pb'!, 46 candidate events in data

Inl<2.5

CDF(DIL)

- 2 leptons with pt >20 GeV/c
- 2 jets with Er >15 GeV/c,

Inl<2.5

- 1 >25 GeV
- Ht >200 GeV
- Higher Et requirement for

Source CDF(DIL) | CDF(LTRK) DD

tt (M=175 GeV/c?) | 172214 | 194135 | 7.1£0.67
Drell-Yan 47+1.2 8.71£3.31 | 0.61+0.09
Fakes 3.5+1.4 3.96x1.21 | 0.27+0.07
WWIWZ 1.6+0.22 1.96+0.37 | 0.54+0.22
Z9TT 0.8+0.2 oK 0.5310.13
Total 27.7+2.3 | 34.1+£3.89 | 9.00%0.67
Data 33 46 /3

* Z—=TT Included in Drell-Yan estimate

76 GeV/c2<mi<106 GeV/c2

CDF(LTRK)

- | lepton with pt >20 GeV/c
- | isolated, well-measured track

with pt >20 GeV/c
- 2 jets with Et >20 GeV,

Inl<2

- F1 >25 GeV
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Measuring the Top Mass

|. Template-based

Form “templates” for signal
Reconstruct mass (varying Mcop) and
for each event background using simulated
events

Perform maximum
likelihood fit to extract
measured Mop

Advantages: Takes all (simulated) detector effects into account, (relatively)
computationally simple

Disadvantages: Only single number (recon. mass) per event in final Likelihood, all
events have equal weight

2. Matrix Element-based
Form ensemble

probability and calibrate
using simulated events

Form per-event
probability using
matrix element

Integrate over
unmeasured quantities

Advantages: More statistical power, probability curve rather than single mass per
event, events weighted naturally

Disadvantages: Complex numerical integration (much CPU)—machinery does not
account for all detector effects
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CDF: Template Methods

® Since dilepton channel is under-constrained by | d.o.f., template methods must
make assumption about one variable

® Assumed variable is then integrated over
® Most probable mass selected for each event
® Resulting mass distribution is fitted to templates

® Signal and background templates are formed using simulated events

Method Assumed Variable Dataset

Neutrino Weighting (NWA) 7 of two neutrinos LTRK (46 events)

Full Kinematic (KIN) b, of tt system DIL (30 events)®

Neutrino-¢® Weighting (PHI) ¢ of two neutrinos DIL (33 events)
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CDF: Template (NWA)

® Form kinematic solutions for events by
assuming ni, N2 and my

® FEach solution assigned weight based on measured
Er and Fr resolution

wi = exp( — Era e =Pty Ury =Py i

Yy

x

® C(Calculate probability by integrating over
unknowns (Vv ns, lepton-jet pairings)

® Pick m; that maximizes prob. for each event

® Fit to signalt+background templates

® “Standard” template machinery from this step

Miop = 170.778 % (stat.)+4.6(syst.)GeV/c?

CDF Il Preliminary

20.022F

7]}

>

o

a o0oif
0.008f-
0.006F
0.004F-
0.002 a

c

c 0.02F
[T} E
T0.018F
£0.016F
So.01af
© 3
D g.012F

0.016|

Probability densny
s o
o o (=)
2 8 =

4
o ¢
=]
=)

0.006

0.004

0.002

0

Mean 154 _ Mean 166.2
RMS 30.36| &°°°f RMS 321
@ 0.016[
© 3
Zootaf
) 5 o.012F )
150 GeV/c 2 ok 170 GeV/c
o 001
ﬂ-o.oosf—
o.oosf—
0.0045—
o.oozf—

00450506250 30?6 e ) 0o 80506550 30?6 ?fﬂ: )
Mean 178 oot Mean 190.1
RMS 3241) %,,, RMS  34.58

o
‘?0.012:
5 % 0.01F s
190 GeV/c a 210 GeV/c
© 0.008[-
o

100 150

200 250 30? Gei}fﬂ: )

0.0061
0.004F-

0. ooz}

100 150 200 250 30?Geiif}é )

CDF Run Il Preliminary (358.6 pb )

%)

-
o

Events/(10 GeV/c
(]

Data (45 evts)

— Signal + Bkgd

— Bkgd only /

-In(L/L,,..,)

61— N
B 5 150 165 180 195
B M, (GeV/c")
4 /
ol
; / /7\ ! -
| Ll 111 111 111 1 L L 1 | 1 1
%0 100 120 140 160 180 200 220 240 260 280

Reconstructed Mass (GeV/cz)

Top 2006, Coimbra. |/12/2006

Bo Jayatilaka



CDF: Template (KIN and

KIN

PHI

CDF Runll Preliminary (340 pb'1)
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D@ : Template w

® Weight assigned for each solution

= > Y feor(@)fepr@)p (E7 |me)p(E5 |my) /Ldt:230pb1

solutions jets

DY preliminary

InL

® p(E/|m,) derived from matrix element

InL -

® Most likely mass chosen for each event

® Mass distribution fit to S+B templates

O wm N W & OO O N
TTTT T T[T T T T[T T T T[T T T TTTT[T] TTTT]TTT

® Final mass extracted by maximum
likelihood 20140 160 180 200 220

top mass (GeV)

Miop = 15571 (stat.)£7(syst.) GeV/c?
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CDF: Matrix Element

® Use differential cross-section to calculate probability of event coming from Mcop

18
1
20 :"Q T

P(Mt)

Probability curve
rather than single

_do() g
o(M;) dx mass per event

00 220
Mt [GeV]

® Formulate differential cross-section using|LO matrix element|and [transfer functions

dgc(ij}\ft) = %/dq)G“Mtf(pi;Mt)P'H W (pi, x)lfppr(q1)frpr(q2)

® Transfer functions link measured quantities X to parton-level ones, pi
® Perform integrals over unknown quantities (6)
® Simplifying assumptions made for tractability
® pr of system ~0
® [epton momenta and jet angles well measured
® | eading jets in events are from b-decay

® Use similar differential cross-sections for background processes
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CDF: Matrix Element (Backgrounds)

® Final event probability is weighted sum of signal and background probabilities
P(x|My) = Ps(x|M¢)ps + Pog, (X)pog, + Pogy (X)Pogy + - -

® Weights are determined from expected fractional contribution of each source

® Form differential cross-sections as in signal for each modeled background process

® Difficult to determined closed-form expression for backgrounds: use ME-based
generators instead (e.g. ALPGEN)

® Example: DY+2 jets 0'16.Z+2p - Oﬁmgﬁp “4
01t E 0.18} E
0121 ] 0.16 E
01" - 0141 J =
® Modeled backgrounds 008 1M I
. 0.06] = 0.08" ] E
® DY+jets | oo ld
C i 0.04f E
. 0.02] = 0.02F B
o WWHjets | ; A e
0 5 10 15 20 25 30 " ﬁa IAgo -90 -80 -70 -60 -50 1-4(} d-GS?Z'-;/Od -]10
. Zji n X
® W+3 jets (for fakes) | /
signal events background event
® Product of per-event prob. densities SN XA x| AN [—] | = /\
give likelihood for sample i e M _
P Pbackground
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CDF: Matrix Element (Result)

® C(Calibrated using simulated events. Accounts for:
® Detector effects resulting in violation of assumptions
® Presence of energetic jets resulting from ISR

® Presence of unmodeled backgrounds

® Method has best a priori sensitivity of CDF
dilepton top mass measurements

® Inclusion of background likelihoods improves
resolution (stat. uncertainty) by 15%

® Measured result:

Meop = 165.216. | (stat.)£3.4(syst.)GeV/c?

Single most precise dilepton top mass
measurement to-date

hep-ex/0512070, Submitted to PRL
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Systematic Uncertainties

Source CDF (ME) GeV/c2 | CDF (NWA) GeV/c2 | D@ (Template) GeVi/c?
Jet Energy Scale 2.6 3.5 5.6
MC Statistics |.2 |.3 1.0
PDFs .| 0.5 0.9
Generator 0.8 0.5 3.0
Background Shape 0.8 2.6 1.0
ISR/FSR 0.7 0.8 *
Method 0.4 N/A .1
Sample Composition 0.3 N/A N/A
Total 3.4 4.6 6.7

* ISR/FSR included in generator uncertainties

® |JES is dominant systematic in all measurements

Improves with
better methods
and/or more data

Improves with
more CPU

e Can’t incorporate in-situ JES calibration in the same way as in I+jets (only b-jets)

® Work being done on possibly incorporating Z—bb to calibrate b-jet energy scale

® Note: DD measurement JES systematic using older algorithm
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CDF: Combination

Preliminary
CDF Il Dilepton Top Mass Measurements
®
e Combination performed on 4 CDF Template: ttbar P, 169.5 =77 = 4.0
measurements
Template: ¢ of v 1697133140
® Uses BLUE method (also used for world (L= 340 pb™)
[
ave. top mass) Template:n of v 170.7 =332 = 4.6
(L= 359 pb™) '
® Statistical correlations extracted from o o1
: Matrix Element 165.2 + 2, + 3.4
common pseudo-experiments (L= 340 pb) -
®
® Systematics assumed 100% correlated except Combined Dilepton ~ 167.9 =73 = 3.7
method-specific systematics o .
: L : Combined l+jets 173.5+17+2.4
® Resulting combination gives |15% greater (DOCDF Run 1+3) e
o o . I | | | | I | | | | I | | | | I | | | | I | | | |
precision than single-best measurement 140 150 160 170 180 190
Top mass (GeV/c?)
Mtop |67.9+5. 2(stat )+3 7(syst )C—]e\//(_'2 Method Correlation Matrix Weight
. ME | 0.47
hep-ex/0512070, Submitted to PRL
NWA  0.12 I 0.36
KIN 040 0.14 I 0.18
PHI 043 0.25 0.35 I 0.00
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Conclusion and Outlook

.................
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o
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Sl ggmwwmt ....................... R e
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® Dilepton top mass precision from | 1.4 GeV/c? e A T
(in Run ) to 6.4 GeV/c? (CDF combined) @ 6
e CDF ME measurement ~8% weight in world = j
average top mass (hep-ex/0507091) 3
e With 2.5 fb! of data, statistical error and T

systematic error become comparable (with no £
method improvements)

Best Tevatron Run Il (*Preliminary)
® Dilepton top mass becomes a precision * ° y
DO Dilepton 155.0 =130+ 7.0
measurement (L= 230 pi) '
. . . : - ¢ 5.2
® |+jets and dilepton top mass will have CDF Dilepton 167.9+55,+3.7
comparable overall errors with 8 fb"! * —e—
DO Lepton+Jets 169.5+32+ 3.6
. . (L= 320 pb™) )
® Many further improvements expected: the " | B
. L 27
best IS yet to Come! ((Ez[)3|1=8|;bel[))t0n+Jets 173.5 Tog ~T 2.8
— ——
Tevatron EPS 2005  172.7 =]7+2.4
(CDF+DO Run I+1l Average) |
| | | | | | | | | | | | | | | | | | | | | | | | |
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Matrix Element Data Events
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Effects of SUSY Events on Dilepton Mass
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Expected Stat. Uncertainties

= 250 jF T [ T T T T [ ‘ T T ‘ T T ‘ [ ‘ T T ‘ T ﬁi
DY preliminary a B E Herwig MC (M, = 165 GeV) | |
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#3001 o 200 -
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Number of experiments

N N W w S
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Statistical error (GeV/cz)

CDF: NWA (sim. events for M: = 170 GeV/c?)

Expected statistical error

CDF Run Il Preliminary (~ 340 pb™)

Events / (0.4 GeV/c?)

[ M€ =170 Gev/e?

NI SR

o

Error /( GeV/c? )

CDF: KIN (sim. events for M; = 170 GeV/c?)
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Expected Stat. Uncertainties (cont.)
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CDF: KIN and PHI Systematics

KIN (GeV/c?) PHI (GeV/c?)
Jet Energy Scale 3.2 3.5
Generator 0.6 1.0
PDFs 0.5 1.0
ISR/FSR 0.7 .|
Background Shape 1.5 0.7
Background Amount 0.3 --
Background Statistics 0.8 --
Total 4.0 4.0
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World Average

® hep-ex/0507091

® Dominated by Run Il I+jets from CDF
(36%) and DO (33.3%)

® DO Run I I+jets: 18.8%
e CDF Run Il dilepton: 8.0%

® Mass of top quark known to precision
of |.7%

Mass of the Top Quark (*Preliminary)

2
Measurement Mtop [GeV/cT]
CDF-1 di-l ] 167.4 = 11.4
DJ-1  dil o 168.4 + 12.8
CDF-II di-I* O 165.3 + 7.3
CDF-l 4] = 176.1= 7.3
DOl I4] ] o— 180.1 = 5.3
CDF-Il |+j* ] 173.5 + 4.1
DO-Il  |+j* —4— 169.5 + 4.7
CDF-I all- : ® 186.0 = 11.5
: x°/dof = 6.5/7
Tevatron Run-I/II* —?— 172.7 + 2.9
#
150 170 190

M., [GeVic®]
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