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Top quark is the heaviest known elementary

Top quark mass is not predicted by SM
Can constrain SM Higgs boson mass

“* Important contribution in radiative correction of W

C 1
S ** Important test of SM
H 80.70 — experimental errors: LEP2/Tevatron (today)
80.60
W= W=
t %E 80.50
S,
=
=
80
+ +
5 80.30 |
X ?7? 80.20F
u lHeilnemeyler. ‘Ho\‘\ik‘ IStockir:ge‘r, V\:’ebrr, ellgelm ?7

Moriond QCD 2010

W \AS

1 1 1
170 175 180 185
m, [GeV]

1 | 1 1
160 165

e University or Chicago



Top quark decay

« Pair production is predominated

W+ b
 ~100% decay to W boson plus b quark \/’
» Decay topologies rely on the decay of 0 N ;E_.p
W boson t
% two jet (70%) or lepton and neutrino (30%) _ ‘/\ W
1 b '

2 Totalnclastic Important to look all channel \ ‘\
11 - mb ** New physics would make different Y g
" phenomena for different channel .

10" L b
o L «0 Challenge for mass measurement
400
5o ‘ < Up to six jet - Jet energy scale, jets to parton
% e - ® assignment

_,;E_"“‘-——————____ % Up to two neutino — Missing energy — Event
"l 1iggs (& + W reconstruction
T T T T oo < Large QCD backgrounds
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displaced
tracks
Secondary
vertex

Prlmary .

T

prompt tracks

b-tagging

* EX) lepton+jets channel
*» 24 (0-btags), 6(1-btags), 2(2-btags)

B hadron can be identified by long
displacement

b tagging reduce # of jet-to-parton assign.

b tagging improve signal to background

ratio significantly — 40% effi., 0.5% fake

Sample Di-lepton Lepton+-jets All Hadronic
(e,u) (e i) NN selection
0-b-tags S/B 1:1 1:4 1:20
1-b-tags S/B 4:1 4:1 1:5
2-b-tags S/B 20:1 20:1 1:1
Events in 1 fb™! 25 180 150 (2 b-tags)
(= 1 b-tag) .




Jet energy scale
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Measurement technique (Matrix element technique)

Try to extract as much information as possible from every
event using theoretical prediction for ttbar production and
decay

Integrate over unknown parton energies given a
measured jet energy

For each event, we calculate probability to be ttbar with

certain mass MtOD (aISO JES)‘I’ransfer function between parton

and detector response
P(¥;M,, ,JES) o j MEXTF x PDR,_

ttbar Matrix element Parton distribution
function

Background probability is also calculated using
background matrix element

Perform the likelihood fit using event probability
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DO lepton+jets , ME

3.6 fb! |, 817 data events s e
. _ o 2 06 eta region 2 _..c.,

NN based b-tagging to increase efficiency =... e

Transfer function was estimated for four g

different eta region for b-jet, light jet, and  °* 5;??5553

lepton ‘Y%

We modeled background only using 'OO |

W+jets ME DQR IIb Prelimin yL26be (Gev

24 different permutations were summed B I

by taking into account b-tagging o

information ;

In situ JES calibration

~—
'D

173.7+ 0.8 (stat) £ 1.6 (JES+syst) GeV/C2
=173.7 £ 1.8 GeV/c?
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CDF lepton+jets, ME 3

« 4.8 fb'data—- 1070 events

“* We increase muon acceptance by adding
MET+jets trigger (30% more events)

+»» Additional NN based selection

« Transfer function was parameterized by
eta and jet mass for b-jet and light jet

* |n situ JES calibration

 This is the most precise top quark
measurement to date

Pt (GeVic)

172.8 + 0.7(stat) £ 0.6(JES) £ 0.8(syst) GeV/c?
=172.8 + 1.3 GeV/c?
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CDF lepton+jets, ME 3

e 4.8 fo-| CDF Run II Preliminary, 4.8 fb! -
& We Systematic source | Systematic uncertainty (GeV/&) |

MET Calibration 0.11
. MC generator 0.25
* Add ISR and FSR 0.15
Residual JES 0.49
b-JES 0.26
* Transf Lepton Pr 0.14
eta an Multiple hadron interactions 0.10
e |n situ PDF's 0.14
Background modeling 0.33
Gluon fraction 0.03
e This isJ Color reconnection 0.37
measu Total 0.84

172.8 + 0.7(stat) £ 0.6(JES) £ 0.8(syst) GeV/c?

=172.8 + 1.3 GeV/c?
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Measurement technique (template method)

» Identify variables X sensitive to M,,, (or JES)

 Using MC, generate signal distribution of X as a function of
Mo, (Or JES)

« Parametrize templates in terms of probability density function

then assign the probability for certain mass and JES
Reco. Top Mass (1-tag(T)) Reco. W Mass (2-tag)

0.14— CDF Run Il Preliminary
[ M_:
F top
< 0.1z [ 145 Gevic? <
> 0t [ 165 Gev/c? >
) L 2 o —=.
| ©0.08- [ 185 Gevic 0 P(x, M R A.]ES)
.5 0.06:— -.§, tOp
© C a
= 0.04- £
0.025
0- 10‘ 150 200 250 300 cb 20 40 60 80 100;120 140 160
IT'II“O(GEV/CZ) mjj(GeV/c )
i, fit i, measy 2 D*f“ o U"_r‘r:eas)?
- 2 (pp pr ) (U5 J
Event reconstruction | X° = Zi—r.ajets 2 + Zj=ay p
- - T J
+
|n the |ept0n jetS (ﬂjjj . ﬂfu.—':lz (ﬂffy . 1'11-'[,1.":12 (ﬂjbjj . mi‘cco)? (ﬂr;{b.fy - m;‘eco)?
2 2 + 2 + 2
r W r W r t r t

~+ Construct likelihood based on probabilities 10



DF lepton+jets and dilepton, Template | f:.'

« 4.8 fb'data— 977 Leopton+jets(LJ)

reco
my

344 Dl|ept0n(D|L) égz:r: — M, = 162 (GeV/c")

% Chi2(<9) cut was applied for LJ 22: —““w“”‘eg‘”i’

» Simultaneously use LJ+DIL ye'3 e
« Fully three dimensional PDF using three 3'3; IIIIIIIIIIIIII | *

observables in LJ v °; Z‘)’ e i

% 3 observables is reconstructed mass using :006- t 2

kinematic fit with different combinatoric of jet  <°°} B

— M =172 (GeV/c))

'top

to parton assignment (2"9 best fit)

* LJ only measurement
% 172.0 £ 1.5 GeV/c?
<% Complement technique, consistent result R

171.9 + 0.8 (stat) £ 0.8(JES) £ 0.9(syst) GeV/c?
=171.9 + 1.5 GeV/c?
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% CDF dilepton channel, template

 Two observables taking into account

il opicn. tagged 5ignal probatdl vy Illlw = 1780 G

correlation 3
% Reconstructed mass and m, " o ‘
100 N
* Interesting observable m, o0
. . .. . WG V36 V40 180 180 200 220 240
“ Transverse mass with two missing particles P (Gelc’)
< Introduced for mass measurement of New 4 M, =160 (GeVIe)
phy§|cs particles which have two missing N% I o nojzg:gzj;
particles O s
A.Barret. al., J.Phys.G 29 (2003) 2343 £,
% We firstly use m, in real data £ oo
Phys.Rev.D 81 (2010) 031102 el s

LT P
50 100 150 200

170.6+ 2.2 (stat) £ 3.1 (syst) GeV/c?
=170.6 £ 3.8 GeV/c?
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« Top quark cross section PP
measurement constraints 10

top quark mass with taking 8
iInto account theoretical

'
"—lu.__"-

— h..
6 =—@=— Measuredo,

calculation T e )
PRD 8() (2009) 071 102 E Moch and Uwer, PRD ?éﬁ; 034003 (2008 =
2 e 70 180 190
Top Mass (GeVic?)

NLO 1 165.5'¢) (PRD 78 (2008) 013004 )

NLO-+NLL : 167.5%2¢ (JHEP 09 (2008) 127)
NLLO(approx.) : 169.1737 (PRD (2008) 074005)

NLLO (approx.) : 168.2™27 (PLB 360 (1995) 47)

Complement technique, consistent result
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Combination

Mass of the Top Quark (*Preliminary)

CDF- dil 167.4+10.3+ 4.9
DO dil ) 168.4 +12.3+ 3.6
. —
CDF-Il i 1712+27+29
* _.-
DO-1I di- 1747+ 2.9+ 2.4
L ]
CDF-I 1 1761+ 5.1+ 5.3
R —
DO 1+ 1801+ 3.9+ 3.6
. ~o-
CDF-I 14 1721+ 09+ 1.3
. —o-s
DO 14 173.7+ 0.8+ 1.6
CDF- all] 186.0+10.0% 5.7
e . ﬂ—
CDF-Il all- 1748+ 1.7+1.9
e _.—
CDF-Il trk 1753+ 6.2+ 3.0

*Tevatron March'09

173.1+£ 0.6+ 1.1

hep-ex/0903.2503 (stat.) + (syst.
| ¥?/dof = 6.3/10.0 (7|9%)
| | | |
1560 160 170 180 190 200

my,, =173.1 + 1.3 GeV/c?

My, (GEV/C?)

[Wi|/Z |Wi| in Tevatron combination

CDF LJ (ME) =172.8 + 1.3 GeV/c2
CDF LJ (TM) =172.1 £ 1.5 GeV/c?
CDF DIL(TM) = 170.6 £ 3.8 GeV/c?
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DO top-antitop mass difference '

« 1 fb-! modified matrix element
“P(X;M, , M) instead of P(X;M, ,JES) m

top?

. Test of CPT violation in the top £
sector e B
"=

*» First time in the quark and high mass
PRL 103 (2009) 132001

> la)e+jets D@, 1 b > _
&180_ (5175_ | AM — 38 + 37
- L. .2 ol TS - 2
E1752:::; E170 GeV/C :
e (e L .| .| Good agreement with
170¢ AN 1650 | ¢ s ip 8 SM
165; 160p ? N ] d | Limited by statistics
165 170 175 180 165 170 175 180 Will be updated with
m, [GeV] I, [Gey] more data
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Conclusion

-
7

0.75% precision in world average (a year ago)

My, = 173.1 + 1.3 GeV/c?

0.75% precision by single measurement (now)

My, = 172.8 + 1.3 GeV/c?

We may have new measurement from LHC (next year)

“* However Tevatron will have the most precise measurement for a
while
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Backup

Moriond QCD 2010, Hyunsu Lee, = The University of Chicago



Global EWK fit and Higgs constraints
LEPEWWG arX|v 0911 2604 [hep ex]

m, 15GV mmmmm

{1 —LEP2 and Tevatron (prel )

Aoc had =
- 54 -~ LEP1 and SLD

i —00275840.00035 ] :
% i ---0.02749A0.00012 f :
incl. low Q° data

I 3 T
2_ —
1_ —
0 | Excluded A& Preliminary | ~ 900 .
30 100 300 150 175 200

m,, MGeVN m, [GeV]
Not include new measurements

m,, =877 GeV/c?  my <157 GeV/c® (95% CL)

m,, <187 GeV/c® (95% CL)
With direct limit from LEPII
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CDF all hadronic channel

i Erahiom ws Ex O
2.9 fb! date, template method b s
Two dimensional template T R
» Reconstructed top mass and - T
dijet mass from W boson decay ],
. .. . R R T T Ty
NN discrimination to reduce cor o ey o
dominant QCD backgrounds + [T
« Jet shape to discriminate gluon W it i
jet from quark jet +

*/Ndof =14.4/15
Prob = 0.493

< 1btag S:B=1:4 (3452 candidates) y
< 2btag S:B=1:1 (441 candidates)

20"

10f

0 I B B S S R
0.9 0.95 1 1.05 11

174.8+ 1.7 (stat) £ 1.9 (JES+syst) GeV/c?
=174.8 £ 2.7 GeV/c?
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CDF dilepton channel, ME

« 2.0 fb! data, Matrix element method

» Event selection was optimized for top
quark mass measurement using NN

* More sensitive analysis than template
method

CDF Runll Preliminary (2.0/fb)
'“"|“"|""“'"'””“"'E'H‘é‘a"“l"'

vnr Bkg. Uncert.-

_Events

E 20. % #
= 18 COF Run Il Proliminary (2.0 ) .- E120 3
I o
16 - - E
I w100 |-
| c
14 . w
[ ® ]
12 . : 801
: . . -
10° il 2 03 04 05 06 07 0.8 09 1
’ [ ]
8 1) Neural Net Output
a
G * 40
[ ]
4 o 20
5 o ,0°°
L llllli‘lll\l
':15'5;"1'6(:"1'{35”'1'?é"1'?5"1'80"1'35'"1"rj"'Q o 4 2
 (Gevic 31 AM,( GeV/c)

171.2+ 2.7 (stat) + 2.9 (syst) GeV/c?
=171.2 £ 4.0 GeV/c?
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DO dilepton channel

« We have two b-jets, two lepton, and two neutrino
*» Underconstraint system

 Event reconstruction to build « Matrix element calculation

template Is challenging e Integrate over unknown neutrino
Neutrino weighting momentum

Integrate over expected neutrino
eta distribution to obtain a

” . « We use Z to tau tau +jets for
probability for certain top mass

background modeling

Matrix weighting
« 1.0 fb?, template method « 3.6 fb?, ME, Only use ep events
< 174.7+4 4(stat)£2.0(syst) GeV/c? < 174.8+3.3(stat)£2.6(syst) GeV/c?
[ 174.7+ 2.9 (stat) + 2.4 (syst) GeV/c? }
=174.7 £ 3.8 GeV/c?
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M5

Introduced to measure the mass of

new phySiCS particle) |Vr:rbff’frmfsmm
“* Most of new physics predict long-live /
stable particle — dark matter candidate
. . . . . SeEEEEE Ill.'* QrEEEEEEARLR
“* We expect missing particle at the final ‘:
state
“ If we consider pair production of new frf |
physics particle, it will have two Invisible
missing particle e

Top dilepton channel have exactly M+, = Min[max(M-y,Myx)]
same final state gr+py=missing p;

Alan Barr, Christopher Lester and Phil Stephens

[ Phys. G Hucl. Tart., Phys, 29 (2003 234325623
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NWA
my

« Leptonical decay of top
*» t->blv

*+ We measure b and lepton but

don’t know neutrino
14 unknown
“ Known parameter

W mass, neutrino mass (2

unknown)
*» If we assume the top quark

mass and neutrino eta direction,

we can measure neutrino X,

momentum

*» Same thing happen for the
other leg

« Getting weight using

7—@'\

A%

B = 2bv = m —my —m, —2bf
L = 28 = m.’.‘f,l,- - m.:'g — mE
= 1y, —m;
y
(E: — Py - Fp)? (B, - Py - F))
w; = expl— . - exp(— .

measured missing transverse

energy

Wi = Wi(mtopﬁnlvﬁng)

Moriond QCD 2010,

Hyunsu Lee,
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thWA

« Some over neutrino rapidities
W (m,) = [ dn, [ dn,P(q)P(1) Y 3 wim,),

* We have maximum weight m,
as reconstructed mass (mNWA)

« We scan mt with 3GeV size
and then decrease the step
size upto 0.15GeV near the
peak

« We have gaussian fit in the
near of peak to get m,
continuously

Moriond QCD 2010, Hyunsu Lee,
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Shape 1Hntries 300
C = Mean 178.6
0.06— A RMS 30.04
- W Underflow -4.494e-23
- Overflow 0
0.05 L H Integral 1
C Vi 2 I ndf 1.462e-19 /0
- Prob 0
0.041 } p0 0.05942 + 0.00112
L , p1 169.6+ 0.4
0.03 p2 5.359 + 3.347
- [
0.02f .
0.01 .
C N
0:.|...u...’.\'l\m-ul T TROR
100 150 200 250 300 350
Tagged DIL
0N
-50.09
0.08
2 — M_ =160 (GeV/c’)
<0.07
0.06 — M__ =170 (GeVic))
op
0.05
0.04 — M, = 180 (GeVIc’)
0.03
0.02
0.01
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