Uncertainties on top quark
mass due to modeling

For DO collaboration
Regina Demina
University of Rochester
Top mass workshop at FNAL, 10/11/05




M,=169.5+4.4 GeV/c?

JES=1.034+0.034

-In L(mtop) (ZD)l -In L(JES) (2D)|
\l _IIIIIIIIIIIIIIIIIIIIIIIIIIIII]IIIIIIII I+jets "3111:||||||||||l|||l|||l||ll||ll|ll| I+jetS
< ] ; . = TN - = ; —
sios[ |m, =169.5+4.4GeV/c?| . /1 |7 amof\  [JES = 1.03420.034) | = -
i ] 2100 . " . : : .
N i 3108
: cahbra’red = I .
3115 — i e PR ]
N , ] 3106
spro NG i h i ] 3105
:. - H x H H - H - : 3104 '__
3105 '_‘.. ......... ......... ......... ....... ......... ......... ......... ...... _ . :_ ]
: S T P Povn 1ol OO ROV OV PO O 3102 B bl L L T 1
S bd' : b6‘ i 150 155 160 165 170 175 180 185 190 195 200 0.9 092 094 0.96 0.98 1 1.02 1.04 1.06 1.08 1.1
2 1. 1. 108 1 2 ,
. 2D
jet energy scale mg, [GeV/c'] jet energy scale (2D)

|ME foop it (I+jets)| mtoperror | [Fitted AJES) (Hjets)| Jjeserror
I+jetS Entries 1000 Entries 1000

~ 3708 BTN T L L T || 200 200—llll|llll|llllllll]llll]llll[lll

o DZ RunII Prellmmar'y Mean  4.515 Mean  0.03296
1.2 |RMS  0.007264
= .

" a107 - ft =0. 376+00(§)54§ ..... :

_ g_expected | E
6. 4%

3104 =0 M\ = Y I¥ e ................ S ..... ]

180 |

180
3107

160 |

160 i B S

140 140 m, =170 GeV/c?

120 120 ........... .......... .......

3105 : 100 E 100

80 | 80

Number of Ensembles
Number of Ensembles

60 [ 60 B I

3103 [ 40 40

IIllllllllllllllllllllllll

20 ........... R S— S S— 20

........ I [

0 0.01 002 003 004 0.05 006 007 0.08 009 0.1

|
0.2 0.25 0.3 0.35 04 0.45

top fraction f,,, o(m,,) [GeV/c Ui o(JES)

10/11/05 Regina Demina, Top mass workshop at FNAL



Systematics summary

Source of uncertainty

DM, (GeV/c?)

B-jet energy scale

+1.32-1.25

Signal modeling (gluons rad)

0.34

Background modeling

0.32

Signal fraction

+0.5-0.17

QCD contribution

0.67

MC calibration

0.38

trigger

0.08

PDF’s

0.07

Total

+1.7-1.6
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B-jet energy scale

Relative data/MC b/light jet energy scale ratio
fragmentation: +-0.71 GeV/c?

- different amounts of p’, different p* momentum spectrum

-> fragmentation uncertainties lead to uncertainty in b/light JES
ratio

compare MC samples with different fragmentation models:
Peterson fragmentation with ¢,=0.00191
Bowler fragmentation with r =0.69

calorimeter response: +0.85 -0.75 GeV/c?

uncertainties in the h/e response ratio
+ charged hadron energy fraction of b jets > that of light jets
-> corresponding uncertainty in the b/light JES ratio

‘Difference in p, spectrum of b-jets and jets from W-decay: 0.7
GeV/c?
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B and light quark jet
Kinematics

On average b-jets contain 2 more soft pions

Pion momenta are softer for b-i
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Charged hadron energy

fraction

* For jets with

- T pr—>20GeV/c
B Su—— e Light-quark jet:
g D'GE—_::— : — <Fcharged >=().58
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Single pion response

SinglePionResponse
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Relative b-to-light Response Uncertainty

Jet pT range %—1(%) AR"(%) Total (%)

15GeVic<E <35GeVic 24 112.7-109 +3.0-3.6
35 GeV/e<E <35Gevic 15 110.5-10.5 +1.6 -1.6

5> GeV/e<E <75Gevie 10 1+10.3-10.3 +1.0-1.0
75GeVjc<E <35 GeVic 9 110.2-10.7 +0.9-1.0

Result for inclusive jet sample (E, >20GeV) = +1.5% -1.3%




Gluon radiation

 The effect is reduced by
— Requiring four and only four jets in the final state
— High P, cut on jets

* Yetin ~20% of the events there is at least one jet that is
not matched (DR(parton-jet)<0.5) to top decay products
— These events are interpreted as background by ME method

* We study this systematic by examining ALPGEN ttj
sample and varying its relative fraction between (0 and

30% (verified on our data by examining the fraction of
events with the 5t jet)

 Final effect on top mass 0.34 GeV/c?
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» Each process can produce
a spectrum of jet
multiplicities

* How do we combine
tt0j,tt1j,tt2j?




» Add processes straight up, weighted by cross
section*selection efficiency:
— Add contributions of tt0j, ttlj, tt2j

— Double counting because tt0j includes radiation by Pythia

tt0j tt1j tt2j
eff, % 13.9% 19.5% 23.3%
sigma, pb 6 2.5 0.56
sigma*eff 0.834 0.4875 0.13048

relative weight 57% 34% 9%
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ttl]

tt0;, extra jet Bt>=44GeV

produced by Pythja
<Et>=35GeV

ST O T O T T T N T A I Y B
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Pythia “radiation on- s = =
off” approach s N 4
underestimates : <Et>=46GeV
systematics! :
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Kinematics of the x-tra jets:

data to Alpgen+Pythia tt
: Look at E1, h, [R(b Sth jet), DR(jet from W-5th jet)

eta 5th jet, data

000000




Approach #3: exclusive
production
e tt0) for W+4jet bin, ttlj for W+35j, tt2) for W+6;

Relative conribution of jet multiplicities
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Verification with data

Can constraint the fraction of ttj by measuring the
fraction of F=N(Nj>=5)/N(Nj>=4)
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In systematics study we vary between pure tt and weighted sum
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4 Signal/Background Modeling

QCD background: +-0.67 GeV/c?
Rederive calibration including QCD events from data (lepton anti-isolation)

(note: sample statistics limited) can be reduced in the future
W+jets modeling: +-0.32 GeV/c?
study effect of a different factorization scale for W+jets events

(<pT,j>2 instead of n'\w2 + SPTIJZ)

PDF uncertainty: +-0.07 GeV/c?

CTEQ6M provides systematic variations of the PDFs

reweight ensembles to compare CTEQ6M with its systematic variations
(by default the measurement uses CTEQ5L throughout:
use a LO matrix element, and for consistency with simulation)

10/11/05 Regina Demina, Top mass workshop at FNAL




Conclusions

* Model dependent systematics on top mass include
— Difference 1n b and light JES

* Fragmentation

e Charged fraction
— Gluon radiation (x-tra jet modeling)

— Factorization scale of W+jets production
— PDF’s

10/11/05 Regina Demina, Top mass workshop at FNAL




