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The top quark mass

Fundamental parameter in the SM
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* M,,, enters in radiative corrections: 103 d
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- Hint of special role of the top 102} d
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* Top cross section at 1.96TeV is O(pb) 10° F
— tens of thousands produced! 10" v
- Tevatron is a top factory 10" ve
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The challenges

We use the best known production mode
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® Leptontlets

golden channel: high branching q 7 b
ratio AND good S/B ratio. antiproton ), g
] q
® All hadronic
challenging channel: highest BR ttbar Decay Modes
BUT hUge dekgl’OUhdS He+e Emu+mu Otau+tau @Ee+mu Oe+tau

Omut+tau Metjets Emu+tjets [Otautjets Oall had

® Dileptonic
cleanest channel - BUT lowest BR

& neutrinos make event
reconstruction difficult
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Accelerator performance

Year2002 2003
Monthl 4 7 101 4

2004
7101 4 7 147101 7101 4 710

2005 2006 2007 2008

300 -

S
e
=
2 _ | __
= " . *
'S a0l L el
= 150! i L
g 150 AR ik
:‘:: L ‘A::. _.:":!:f.'_g. i..'-;‘:: i I" -
= 100} L #*:"‘ CoAl g
E -‘1#1-_, :.- . -
1 J'gf\i; { s" X '_ - » s '
5” - i ’ﬁ A -Jt‘ !Lh“ f’ P
'l?!‘ EAEE T T gt - |
0! 1000 2000 3000 4000 5000 600

Store Number

up to 2 fb'! used in the
following results
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record peak luminosity of
3.15 1032 cm2sec’'!
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The CDF Il detector
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Jets at CDF

Jet energy scale uncertainty

HAD W e Systematic from differences
| between data and Monte Carlo

EM

Calorimeterjet o Biggest limiting systematic...BUT!

 M;;

Particle jet C‘I e

- We can exploit W—qq
decays (wherever possible)
to measure in situ the JES
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Event selections and backgrounds

. | 2 tag events: NN output (JES = 0) |
® Leptonic channels have - —

manageable background :
Iz Bﬂji
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® All-hadronic channel suffers from

huge QCD—>S/B~1/1000

— Needs dedicated event 0
selection - use Neural i
Network gl

® Requiring b-tags S/B

help reduce bkg Not used

4:1 1:5
20:1 1:2

and combinatorics

20:1
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Measurement techniques(1)

Template Method

S [ e empies 213 ovns 055 09
* Kinematically reconstruct events and pick ﬁ —J
a variable strongly correlated w. the one o wop 10
under study; : e
* Compare data to simulated S & B through
likelihood. B
* CDF applies this technique in the all- TTT T e
hadronic channel to find: T A
M,=177.013.7 (stat+JES)£1.6(syst)GeV/c? ‘Ef 40 - |
Close to 2% resolution! o e Bie
Precision physics in a background R
dominated sample! q
* Similar sensitivity in dilepton channel 05.1&:.# _ T
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Measurement techniques(2)

Matrix Element

e Extract per-event probability from the knowledge of dynamics of the
signal and background

- needs a set of simplifying assumptions, and transfer functions
from recontructed obijects to tree-level objects.

Pii(Myop, JES) = ;T >y /dgtt(y:Mtop)dQ1dQQf(ql)f(QQ)W(a:: y, JES)

comb
CDF Run Il Preliminary 1.9 fb”

Ajgs (o)

* Application of the ME technique to
lepton+ijets channel gives world best M,!

M=171.411.5(stat+JES)+£1.0(syst)GeV/c? |

0.5

- —A(nL)=-0.5
Almost 1% precision! -0

. .. nL)=-4.5
Not yet used in the combination B
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CDF combination

* We pick the best measurement in each channel to check
compatibility and improve precision

All-hadronic
(Run i)

CDF Top Quark Mass Combination
(*Preliminary)

Dilepton
(Run i)

Lepton+Jets
(Run i)

*All-hadronic
( 2)

*Dilepton
( 2fb")

_— -

18654_‘10.01- 5.7
167.4+10.31 4.9
176.1£ 5.1+ 5.3
177.0£ 3.3+ 24

171.2x2.7+ 28
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“Lepton+Jets
( 2m7)

*CDF March 2008
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e CDF Mtop=1 72.9+1.2(stat)£1.5(syst)GeV/c?
- Improve precision by 10%

- Good chi2/ndof=3.8/6
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Tevatron combination

e CDF and DO combined

measurement in march 2008 to Best Independent Measurements
of the Mass of the Top Quark (*=preliminary)

give: ;

CDF-l dilepton & 1674 114
172.6 + 08(51'01') + 1.1 (S)’Si’) GeV/c2 DO-1 dilepton - 168.4 + 12.8
CDF-Il dilepton* —QE-- 1712+ 39
D@-Il dilepton* —-:.— 173.7% 6.4
* Top mass measurement is now | CoF leptonets e 17eds T3
o o h . O 8cy D@-1 leptontjets | | —— 180.1+ 5.3
preC|8|on p YSICS — * © CDF-ll lepton+jets* -Iq- 1727 £ 21
D@-Il lepton+jets* o 1722+ 1.9
CDF-l alljets i o 186.0 £ 11.5
* Needs constant control of COR alljots* T 17702 41
systematics sources X2/ dof = 6.9 / 11
- Ongoing effort to double- Tevatron Run-l/II* o 172.6 £ 1.4
check systematics list - = o .

definitons Top Quark Mass [GeV]
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EWK fits and implications

* Running traditional LEP EWK constraints, updated using
latest Tevatron W boson (2007) and top quark mass

(march 2008)

I_ T T T I T T T | T T T T T T T T T 1
( @ 6 8 % C . I . ) 80.70 :_ experimental errors 68% CL.: _:
. LEP2/Tevatron (today)

(o) 80.60 i |
@ 95% : I
B 8050 %& MSSM|
o, L i

= |

= B

80.40 |-

* Top mass was found to be
in good agreement with SM i

- Will it happen for the o  conmoem
nggs-(lF It eXIStS)? 1f|i—0 - I1(|55I | I‘l:l'l'Ol YI : I1-75 Il-q'. I1E|3[I]I Ig I 1_85
m, [GeV]
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Conclusions

I CDF Top Mass Uncertainty
(all channels combined)
B 1fb’ 2fb" 4fb” 8fb™
v vy
5 ¥
v CDF Results 5o ¥ AM/M < 1%
5 * Run lla LJ goal (TDR 1996)
~ Scale A{stat) f\[, Fix A(syst)
(assumes no improvements)
~ Scale A(total) /\L
(improvements required)
] | 1 ] ] ] ] ] ] ]
10° 10° 10°

Integrated Luminosity (pb'1}
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Some comments

* Huge amount of work on every single piece of the analysis

 After in situ calibration, most results are still limited by
statistics

* CDF provides world best single measurement

* Combined measurement is limited by systematics though
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Compatibility

Comparison of Mrop in Different Final States
(CDF-II Preliminary, March 2008)
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CDF Top Quark Mass Combination

(*Preliminary)
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