Top Mass Measurement at CDF
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Why measuring the top mass?

« Top anags urszrle(dict()edbin io T
Standard Model (SM), but \ ]
related to W, Higgs — . J

(and other observables). b W
ﬂMWﬁMTE ﬂMW&MMH

(Higgs Is mass giver to all) | —LEP1, SLD data
80.5- —-LEP2 (prel.), pp data

68% CL P
> I‘

e When all W, t, H measured:

test SM (?E
(and to test you have to = 80.4-
measure well...) — =

 Radiative corrections affect 80_3-_

observables / _
v 150 175 200

Game of ElectroWeak fits m, [GeV]

Frontier Science 12-17 Sept. 2005, Milano Top Mass Measurement at CDF - Kostas KORDAS




History of M,,, measurements

 Top first observed at CDF 6
& DO In 1995. Tevatron’s . Aaf?, = |
. % — 0.02761+0.00036
Run |: ~110pb- per exp. ] Y % - 0.02749+0.00012
4 — ' *» incl. low Q° data —
 Run | Average: J 37 i
My, =178.0£4.3GeV /c’ 27 i
Mass of the Top Quark 1 __ 2 __
Measurement M iop [Gevic?] 0 Excluded : __.J‘TBreIiminary
CDF di-I o 167 4+11.4 20 100 ' 400
DZ di-| @ 168.4 +12.8 m,, [GeV]
CDF I+] —0— 176.1 + 7.3
DD I1+] —=.— 180.1 + 5.3
CDF all-j sl 186.0 +11.5
: x’/dof = 26/4 M H — 126i;7|% GeV/C2
TEVATRON Run-| —.— 178.0 £ 4.3 5
— My <280GeV/c” @95%C.L.

M [GeV/c?]

top
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Where do we get top quarks?

ﬁ-—--

. S » 1fbL per experiment on tape
p mmmp W ¢ = ~1.3 fb? delivered luminosity
| 1.96 Tev - = Peak luminosity 1.4 x 10%2cm~s!
Booster o i = Presented here: 320 — 360 pb -1
S y - 600 T T T | T T y T
@ .
h500— 7
:E 400_
. -=
PSOUTCE 7" Main Injector | - 300
& Recycler 2
L = 100 2005 nm?
2001
e U . ! . 00 100 150 200 250 300 350
Goal of Run Il per experiment: Day

_ 2 (1fb!~6x10%3 collisions,
2GeV/c ~ 6.5 x 10° top pairs)

detz4—8fb‘1 — Om
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Top production and decay

- Production: mainly tf g 85% ,t ¢ 5%
o(pp—>tt@m =175GeV) = 6.7 pb ’ ’
9, t g 1
o(pp —tt@m =178GeV) = 6.1 pb
o(pp—tt@m =180GeV)=5.7 pb e All-hadronic: 44%
e Lepton + jets: 30%
» Decay: BR(t > W b) ~100% v decay defines ° Dilepton: 5%

[t decay mode
N Oe-e (1/81)
B mu-mu  (1/81)
M tau-tau (1/81)
HMe-mu (2/81)
He-tau (2/81)
W mu-tau (2/81)
Me+jets (12/81)
B mu+jets (12/81)
HE tau+jets (12/81)
W jets (36/81)
Frontier Science 12-17 Sept. 2005, Milano Top Mass Measurement at CDF - Kostas KORDAS 5

>




M,,, measurement challenge (l)

Measure: e, [, jets, tracks, ET \K
{g/ huttnTﬂqunrk

1. Association to top daughters? J,,,.M.,“..{,M

2. Background events?

- Dileptons: extra lepton, only 7 3 *ﬁq"ﬂfk w@fé e
2 jets (but 2 v's >1F, low stat) n‘w . -

- B-tagging helps a lot! O ™

ti-bottom guark
L CDF Il Prellminary '-J'Et ‘
1 Ve
HT = 358 GeV

Z06 B-tags Jet
- assignments
0.4 -._..Electron 72.6 GeV
7 None 24
0.2_
? Best case! 1 6
R R 7 R v R S T R 2 2
X (cm)
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M,,, measurement challenge (ll)

e Accuracy of measurements calorimeter jet
Dominant uncertainty:
Jet Energy Scale (JES)
=> jet->quark energy mapping

; : =
 Run | world average et
uncertainty (4.3 GeV/c?):

> 2.6 GeV/c? from JES |
-> 2.7 GeV/c? from stat. _ partonjet I‘l

e Scale from “1st principles”: 6/Er ~3%

 What about standard candles? —> 4—@
W 2 jetjet (use W in top events) P q\,,uf,

event
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M,,, lepton+jets (1D template method)

Datasets X% mass fitter:

Bata Impose mass constraints, find best top mass &
\bgMC Jet-parton assignment » One M, , per event

T+ MC Mass \ Additional selection cut on resulting %2
TemplaTeS '° e R@SUH’

1-tag(T) (CDF Run II Prellmlnary)

-Log Likellhood vs M__

1
Ps7 160 70

il

[ Data (57 evts)
Signal + Bkgd
EZ3] Bkgd only

Ao L] L g sse ) g
100 150 200 250 300 350 400
mieee (GeV/c?)
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M, lelpton+jets: 1D templates

» Exclusive
samples
In # b-tags

L =L

sample shape

# background

constrained

to prediction

(except for
0-tag)

M

top

Sample |JetE;cut[GeV ] S/B <bkg> Events
2 b-tags | 3 jets E;> 15, 4" jet E;>15 18:1 0.7£0.2 16
1b-tag |[(T)4jets E;>15 4:1 7.6x1.2 57
1b-tag |(L)3jets E;> 15, 4" jet8 <E;<15 1:1 102+1.7 25

O b-tags |4jets E;>21 1:1 N/A 40
XL,

o
-9
IIH|I

0.3°

Events/(5 GeV/cZ)
=
[
(4]
|

100

kg
- Background Template

Template source
B Mistags, 4-jet
] Mistags, 3.5-jet
] Wbb. 4-jet
B Whbb, 3.5-jet

[ ]1-top, s chan
B 1-top, t chan

150 200 250 300 350

Reconstructed mass (GeVIc )

Fraction/5 GeV/c?

Top Mass Measurement at CDF

Reco. Top Mass (1-tag(T))

0.14;
Top Mass:
0.12F ] 145 GeV/c?
8 3C []165 Gev/c®
[]185 Gevic?
0.08- [ 205 GeV/c?

0.06-
0.04[-

0.02F

s

100

200

=173 .27 (stat.) £ 3.1(JES ) £ 1.5(syst.)GeV/c *
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Mo usmg Wajet jet: 2D templates

Fleco W Mass (2-tag)

.
%::'5
< O
2
o
—
.l:.

9 JES:
% .
: . 00.12
Tg)
<< c 0.1
r m.. (W = i
W) ©0.08
L .

» Sensitive to Jet Energy Scale (JES)  0.06

* minimal sensitivity to MTOP 004~ gl
M m; 0.02- A
Lsample o Lsha;;[(e)p X Lshape X Lbkg oL =
0 20 40 60 80 100 120 140 160120
L. . =exp(— (JES—JESq,)’ ) m.(GeV/c")
JES —
@ 202JESSTD L= LJES X 1_Ii Lsample(i)
Constrain to a-priori JES estimate F'”?‘ best (Mg, JES)
to fit data
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Entries/(15 GeV/c?)

Entries/(15 GeV/c?)

Y

top

M

top
2-fag (CDF Run i Prellmlnary)
9= @ 5 . b
8-
i3 :
5
5 Wy v
4E |:| Data (16 evis)
E 77 Signal + Bkgd
3? 25 Bkgd only
2-
),
...........
s 100 150 200 250 300 350 400
m=*© (GeV/c )
1-tag(L) (CDF Run Il Preliminary)
5 i_ - Log Likelihood vs M__
b 33
3 I
C \:I Data (25 evts)
2- 7] Signal + Bkgd
L @ Bkgd only
+
05

mie° (GeV/c?)

1D template:

,-'-‘-" 00 350 400

M

epton+je
» 2D template method (using W-> Jet jet):

16
14
12
10

Entries/(15 GeV/c?)

Entries/(15 GeV/c?)

top

onNn = o0
T

D_l.l\)w-hu‘m‘qm(o
INARRRARRERRRRARRRARAN]

=173 .57,,GeV/c *

uuuuuuuuuuuuuuuu

1- -tag(T) (CDF Run |l Prellmlnary)
18

200 250

H “t(&\ﬁ]ca;? I
[ Data (57 evts)
7] Signal + Bkgd
B2 Bkgd only

L e

300 350 400

m;® (GeWc )

0 -tag (CDF Runlli Prellmlnary)

uuuuuuuuuuuuuuuu

mie° (GeV/c’)

=173 .2%2"
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' result

best single measurement
M o =173 5737 (stat.) = 2.5(JES ) £ 1.7(syst.)GeV/c ’ @ﬁﬁﬂx

better than Run | average

Likelihood

Pi re"mmanj (31 8 pb )

160

JES =

165 170 175 180 185 190
(GeVIc)

ton

+0.78
—0.175 g0 Oes g1y

o (stat.) £ 3.1(JES ) £1.5(syst.)GeV/c °
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M, lepton+jets systematics (2D)

« Jet Energy Scale dominates

Sﬁ'tema“c ZA‘I\[; fit 1A' 5' it 1« In-situ calibration improves w/ statistics
ource top top %
(GeV) | (GeV) Jet Energy Scale from W—jj
JES 2.5 3.1 4 CDF Run Il Preliminary
b-jet modeling 0.6 0.6 ~_ f ' :
NE 3.5 Mhp Systematic Uncertainty
ISR 0.4 0.4 % 35 from W—jj Energy Scale Only
FSR 0.6 0.4 O -
PDEs 0.3 0.4 Ez_g,f_ Where we are now
Generators 0.2 0.3 o o
Bkg shape 1.1 1.0 ﬁ 1_55_ Regime of
b-tagging 0.1 0.2 D 6(My,p) ~ 2 GeV/c?
MC statistics 0.3 0.4 ﬂ 1';_
- [
Method 0.5 - 0.5
TOTAL 3.0= 3.4= q;....lu..I....I...||....|....I....I....l...
2501.7 | 3.101.5 1 2 3 4 5 6 7 8

. . -1
Integrated Luminosity (fb )
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My, lepton+jets: Dynamical Likelihood

o |mp|ement know|edge transparenﬂy K. Kondo J. Phys. Soc. 57 4126 (1988)

d"o: cross section (LO Matrix element) W(y,x): probability parton variables

y measured as variables x

LM =3 [d°0(y:M oy )la,da, £ (@) F (6 WW(x,y)

f(q) : probability distribution that parton has momentum g

2 over jet assignments & v solutions EBEIRAnIEIE S i sty

» Sample £=1I; L' (X;M,,)
No background probability term

|| >~

Map effect on reconstructed [V

—
~
I@II

to
>

—
D
|¢|||

e Data.
4 jets E; > 15 GeV , min.1 b-tagged
= 63 events, 9.2+1.8 expected bkg

Reconstructed Top Mass [GeWc?]
o
P

—
2]
||¢|||

170 180 190 200
Input Top Mass [GaWczj
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My, lEpton+jets: Dynamlcal Likelihood

63 events joint likelihood e F_’_?F__B”" I Prellminary (318 pt )
_- 4 : 5 - E — Total MC Predtcﬂon
N o o COFRunEFiminary(s18p0) o oo 7] St =475 Gov | Mipatmax. L
3 ] After Background Conmderatlon(g 1 events) - 14 Combmd Bacmmund_' from eaCh event
5 255 ......... 1 732_+_ ........... { Stat Only) GeVIc ........... ..... - ' E m:ﬂ]m |
i ] 2 4 -I- 12: .....'...... Da‘[a 53 even‘[g ............. .......................... .............. .............. .............. ..........

Use mapping fcn |
for 14 5% bkg B

18 T 1 S SO N I At S BN
] = ;218 : e | : :
" D A I 1?.'_' _______ :zuz_E?‘_f’fF _________ il S SR S
BE ............................................................. e S P S - : | . : -
1 0 100 120 140 160 180 200 220 240 2
1“ 153 170 172 174 175 173 19M0T 1[%9\;21] Per-Event Mass at Maximum Likelihood [GeV/c’]
op

M, =173 .2735 (stat. ) £ 3.2(syst.)GeV/c > %X%Qv
M, =173 .2ij;}) GeV/c ° S

top

/ from Jet Energy Scale :3 GeV/c °
Same uncert. as 2D template method
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M, dileptons: Neutrino Weighting

A) Under-constrained: 2 v's >1 Er measurement

1. Assume: M, M, , 1 0f v's 2 Prob. to match measured E

2. Integrate jet-parton assignments & n of v’s = Prob vs. Mtop

3. Get most Prob. V|, =» rest is 1D template method

— 3 N
B) BOOS’[ StatistiCS: iEF Run Il Preliminary (358.6 pb ) (OQQ\O \ |
eoru+ Isolated track émﬁ_[l Data (45 evts) @ 'E?lj ,_.m”mmm ]
catch more ’C’SD 2 o — signa +Bhgo ;_ E
i 55750 1 p;alik[é;é%c;{?s
M o = 170.6"7 (stat.) + 4.4(syst.)GeV/c ’ Salcit
o 06 z \ < bkg >=14.7+5.7
: ~

2.6 from JES uncertainty %000 720 740 7e0 780 200 220 240 260 260

Reconstructed Mass (GeV/c?)
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M, dileptons: Maitrix element

) %I 4_ — M=178 GeV
A) Like Dynamical Likelihood, S o 340 pbt
w/ explicit bkg likelihood terms 5 ’"E"'I | 508 Pnd Proen
o 7
B) 2 identified e or 1 & .\ |
.'E. COF Run2 Predim. —f - @b‘g E 5- II'" -
%-UIE .r""'mph" (33 avs) Wi = 4 \
g | |
> 33 evts ’ =<
= J,_f-f;_‘ v v 2 e
2 0.01. FoY <bkg>=11.6x2.1 , = -
2 2 3 0 2 3 6 10
i Y fme; ]
i H .
0.005) ; y Most powerful dilepton method a-priori
\ & in practice\ Weight Pull
0 JIN TR TR, Matrix EI.  36% -0.60
e 0T 1Gevy v Weight  27% 0.42
5 Kinematic 13% 0.33
M, =165.3 £ 6.3(stat)/iv3.6(syst.) GeV/e v Phi 10%  0.20
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M, : combined results

e Use exclusive datasets

(Runs, experiments, channels)
e Combine best measurement

from each channel
M

top

=172.7 +1.7(stat) *2.4(syst.) GeV/c *

CDF Il Dilepton Top Mass Measurements
o
Template: ttbar P 170.2+7%+3.8
(L= 340 pb”) z :
®
Template: o of v 169.8+22+3.8
(L= 340 pb) :
.. 7.1
Template:n of v 1706+, .+ 44
(L= 35§ pb’) L 6.6
-t @o—
Matrix Element 165.3+23+ 3.6
(L= 340 pb") .
r——
Combined Dilepton ~ 168.1+3]+ 4.0
(CDF Run 1+2) :
i ) ——
Combined I+jets 1735+17+24
(D0+CDF Run 1+2) :
| L | | L L | | |

<

\<

Precision = 1.7%

1 I T I I | —
160 170 180

Top mass (GeV/c?)

|
140 150

Frontier Science 12-17 Sept. 2005, Milano

190

-

Top Mass Measureme

Mass of the Top Quark (*Preliminary)

My, [Gevic?]
167.4+11.4
168.4+12.8
165.3+ 7.3
176.1+ 7.3
180.1+ 5.3
1735+ 4.1

1695+ 4.7

Measurement

(CoF-1 di e

DO-1  di-| o

CDF-II di-I* —0——.

CDF-l 4] S
DDl ] ] o—
CDF-II I+j* —p

DIl I+ —9—
CDF-I all ; o

* Dileptons are relevant:
- Important (8%) weight to IV

- Different physics “contamination”
of top samples

(e NEW! Combining dilepton V|

186.0 £ 11.5

x*/dof = 6.5/7

Tevatron Run-I/I1* -0- 172.7+ 2.9
150 170 190
M, [GeVic’]
at CDF
nt at CDF - Kostas KORDAS 17



summary

1fb-! per experiment on tape
& Tevatron performing well!

New techniques applied for
M, € also, never
underestimate “simplicity”
(e.g., templates with in situ

Jet Energy Scale from W—jj
- CDF Run Il Preliminary

-
I‘llnlll h

Mmp Systematic Uncertainty

from W—jj Energy Scale Only

320 pb-?

Regime of
o(My,p) ~ 2 GeVic?

III1IIII2IIII3III4III5IIII6IIII7II 8
Integrated Luminosity (fb'1)

W
II|III

ke )
a N o,
T | TTTT | TTTT | TT

JES Uncertainty (GeWcz)
Il_lll TT

=
(9]
_IIII|III

W'’s to calibrate jet energies) 505 | - LEP? and Tevatron (prel)
. — 68% CL -

S As | said, to test - T— T
Precision limited by you better measure § B
systematics welll Needalso s

S
Mo, measurement m,, + o(my, )
averages in progress: 2037
M =172.7 £1.7(stat) +2.4(syst.) GeV/c * 150 1[25 \'/] 200
m; e
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THE END
(for now...)
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M ™ res u ItS Best Tevatron Run 2 Preliminary
@
t@p . DO Dilepton 155.0 +142+ 7.0
(L=230pb") :
CDF Dil ° 165.3 +83+ 3.6
i R I i o
CDF Run 2 Preliminary (July 20 2005) CO iepton 63
———
—— 3.0
- +394
Eﬂ:f1mﬁorld Average 178.0 +27+ 3.3 Egslg(?pg_;?nuets 169.5 +3,+ 3.6
——— ®
Run 1D0Lepton+Jets  — 180.1+ 3¢+ 3.9 CDF Lepton+Jets  173.5+21+3.0
® (L=318pb ) 248
Run 1 CDF Lepton+Jets 176.1+ g:II +5.3 ——
(Run 1 ony) o ' New TeV Average (prel.)172.7 + |7+ 2.4
New TeV Average (prel.) 172.7 + 1.7 + 2.4 (Runt + Run2) .
{Runt + Run2) =T — =
1o _|_2.7 + :
Loptonrots: M 21 173.5+27 + 3.0 ooy oy O Average  178.0257%3.3
=J18p ) L v v b b b by (5)
e 26 140 150 160 170 180 190 Aty g =
:igtggs_-ﬁjets. - 173.2+ 24% 3.2 Top mass (GeWcz} — 0.02758+0.00035
v L I [ === 0.02749+0.00012
Lepton+Jets: L 27.8
Lepton+ Jts: Ly 207.8 5,3 £ 6.5 4- «+ incl. low Q? data
Lepton+Jets: Matrix Element 172 .0 + gg + 3.3 ~
{L=318pb } o
| . 6.3 §]< 37
Ellgﬂgbq] Matrix element 165.3 + 63 + 3.6
Dilepton: v weightu.ng 1706 +71+ 4.4 27
(L= 350 pb’) — 6.6 — |
Dilepton: ¢ of v y 169.8 + 292+ 3.8
(L=340pb") M —g3— 1-
Dilepton: P,(tt) % 1702 +78+ 3.8 I
(L= 34opb'|‘J | =73 —| ' 0 EXCI|Ud|ed |
160 180 200 30
Top mass {Ge\ﬂczj mH [GeV]
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M, lepton+jets (2D): samples

Plain event count Weighted with likelihood
_ Reconstructed Top Mass Reconstructed Top Mass
405 CDF Run Il Preliminary (318 pb ) 0_4;_ CDF Run i Preliminary(318pb'1)
5 355 | 0.35- | [ 2+tag
> 30" g 03 B =)
S o5 ®0.25" B e
o U r > A [ Jotag
5 205_ g 0'2§ /7] Total Signal+Bkgd Fit
t 19- @0-15;— C2 Total Bkgd Fit
S 10- < 0.1-
Lu 52_ ......... 0.052_
0t R s A b I PR e N |
100 150 200 250 300 350 400 0"300 150 200 250 300 350 400
miec® (GeV/c?) m{ec° (GeV/c")

CDr l'liuu II Preliminary (318 pb™*)

Subsample | M, I:'I:-h“:"l.-"l."-r."'!] JES ()
T Lag 175.0 1t 047 0= All samples useful,
1-tag(T) 170.1 +4 0.47 927 | «— especially for
1-tag L) 182.3 +l0s (.05 98 JES calibration!
(-tag 153.0 +Ho (.29 +038
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1) lepton+jets 1D Template: the
likelihood

Interesting

L =L XL, Parameter!
N . nsPsig(m; to )+anbg(m)
=1

Liure =€ =™ (N, 4+ 1)
shape S b
i ns T r']b
(ngit_ngxp)2
| —e 2o " bkgd (mean)
bg — € constraint

2) Maitrix element techinques:

Prob(event x | M,,,) = Prob(partons | M,,;) x Prob (event x | partons)
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