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Theory Introduction
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Top Quark Decay

@ top quark’s predominat decay channel t — W™h
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Top Quark Decay

@ top quark’s predominat decay channel t — W™h

3
o Tt — Wb) = EE75|Vip|? ~ 1.76 GeV/ ( 17y )
me 3> mp, mwy, \th| ~ 1

o [(t— sW) ~ |Vis|? = B(t — sW) ~ 0.2% since | V| small

o B(t — Wh) =120 g

_1_ ~10-25
o Lifetime 7 = r Gpmi’ =7 ~107"s

c7 ~ 10719m = 10~*fm, hadron size ~ 1fm = No Hadronization
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Top Quark Decay

@ top quark’s predominat decay channel t — W™h

3
(¢~ Wb) = S8 Ve ~ 176 GeV 1y )

°
me > mp, my, \th| ~ 1
o [(t— sW) ~ |Vis|? = B(t — sW) ~ 0.2% since | V| small
o B(t — Wh) =120 g
o Lifetime 7 =1 ~ ng =7~ 10755
c7 ~ 10719m = 10~*fm, hadron size ~ 1fm = No Hadronization
@ subsequent decay of W:
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Top Quark Decay

@ top quark’s predominat decay channel t — W™h
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Top Quark Decay

@ top quark’s predominat decay channel t — W™h

3
(¢~ Wb) = S8 Ve ~ 176 GeV 1y )

°
me > mp, my, \th| ~ 1
o [(t— sW) ~ |Vis|? = B(t — sW) ~ 0.2% since | V| small
o B(t — Wh) =120 g
o Lifetime 7 =1 ~ ng =7~ 10755
c7 ~ 10719m = 10~*fm, hadron size ~ 1fm = No Hadronization
@ subsequent decay of W:

@ leptonic: W — v
o hadronic: W — qq’
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Top Quark Decay

@ top quark’s predominat decay channel t — W™h

o [(t— Wh) = GF"’f|vtb|2 ~1.76 Gev(

me 3> mp, mwy, \th| ~ 1
o [(t— sW) ~ |Vis|? = B(t — sW) ~ 0.2% since | V| small
o B(t — Wh) =120 g

_1_ ~10-25
o Lifetime 7 = r Gpmi’ =7 ~107"s

c7 ~ 10719m = 10~*fm, hadron size ~ 1fm = No Hadronization
@ subsequent decay of W:
@ leptonic: W — v
o hadronic: W — qq’

o [(t— bev)=T(t — Wb)r(méiv_;ey) in the narrow-width approx.

175 GeV)
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Top Quark Decay

@ top quark’s predominat decay channel t — W™h

o [(t— Wh) = GF"’f|vtb|2 ~1.76 Gev(

me 3> mp, my, \th| ~ 1

175 GeV)

o [(t— sW) ~ |Vis|? = B(t — sW) ~ 0.2% since | V| small
o B(t — Wh) =120 g
o Lifetime 7 =1 ~ ng = 7~ 10755

c7 ~ 10719m = 10~*fm, hadron size ~ 1fm = No Hadronization
subsequent decay of W:

@ leptonic: W — v
o hadronic: W — qq’

(]

o [(t— bev)=T(t — Wb)r(méiv_;ey) in the narrow-width approx.
@ unconventional decays can alter B(t — Wb) = F(t—>r\/(\;§+vgl(31)'—>X)
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Heavy Quark Production (LO)

Production by quark annihilation and gluon fusion at leading order:

o K

Differential Cross Section:
do B 1
dysdyad?pr  64m2m4 (1 + cosh(Ay))?

x> xafi(xa, pP)xefi(x, 1?)> Myl
7

In the limit Ay > 1

Z\qu\2 ~ const, Z|Mgg\2 ~ By
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Heavy Quark Production (NLO)

Perturbation Expansion in the coupling constant o

LO ~ a?

NLO ~ a2 include virtual and real corrections

reduction of unphysical u-dependence /‘2%#2‘7 = 0(a?)

N I

N\ Top cross—section vs. scale y,
N
8\ Vs =18 TeV, m, = 175 GeV

N\, MRS(A), as(M;)=0.1124
4 + 3 F L+NL b
AN e L
55w 6 \ —

Real emission diagrams

50 100 200 500 1000

o [pb]

Virtual emission diagrams
Fig. 10.10. Scale dependence of the top quark cross section in leading and
Examples of higher-order corrections to heavy quark producti t-to-leading order of bation theory.

[figures: QCD & Collider Physics, Ellis et al.]
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ttCross Section

Experimental Analysis
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ttCross Section

PART |
Cross Section Measurement for the Production of tt-Pairs

[ATLAS-CONF-2012-031]
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ttCross Section Introduction

Introduction

Production by quark annihilation and gluon fusion:

V0000 —>——
A
V00000 —¢+—

In the detector only decay products can be measured. For this analysis the
all-hadronic decay is chccl),sen:

q ® BR ~ 100%
b
. = total BR ~ 46%
q ® BR ~ 68% but high background!
W- -<
q
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Event Characteristics

physics observales are jets:

@ b-jets originating form top decay

@ light quark jets originating form W decay
@ no isolated letpton with high pt
°

no missing energy Epniss
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Event Selection

@ at least 1 primary vertex with > 5 tracks
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Event Selection

@ at least 1 primary vertex with > 5 tracks
@ no isolated lepton with pr > 20 GeV
— only hadronic decays
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Event Selection

@ at least 1 primary vertex with > 5 tracks
@ no isolated lepton with pr > 20 GeV
— only hadronic decays
@ no fake jets
— reject unphysical jets from fake energy deposits in calorimeters
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Event Selection

@ at least 1 primary vertex with > 5 tracks
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— only hadronic decays
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Njet > 5, pr > 55 GeV and || < 2.5
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— all-hadronic decay needs at least six jets
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Event Selection

@ at least 1 primary vertex with > 5 tracks

@ no isolated lepton with pr > 20 GeV
— only hadronic decays

@ no fake jets
— reject unphysical jets from fake energy deposits in calorimeters

@ no jets with [JVF| < 0.75 and p1 > 20 GeV

® Njet > 5, pr >55GeV and || < 2.5

@ at least one more jet: pr > 30 GeV and |n| < 2.5
— all-hadronic decay needs at least six jets

@ at least 2 b-tagged jets: pr > 55 GeV, |n| < 2.5
— top/antitop decay into b/b quark
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Event Selection

@ at least 1 primary vertex with > 5 tracks
@ no isolated lepton with pr > 20 GeV
— only hadronic decays
@ no fake jets
— reject unphysical jets from fake energy deposits in calorimeters
@ no jets with [JVF| < 0.75 and p1 > 20 GeV
® Njet > 5, pr >55GeV and || < 2.5

(]

at least one more jet: pr > 30 GeV and |n| < 2.5
— all-hadronic decay needs at least six jets

@ at least 2 b-tagged jets: pr > 55GeV, |n| < 2.5
— top/antitop decay into b/b quark
o Sy = EMs/(0.5v/GeV x /HT) <6

miss

— if significance of EF"*° is high then veto
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Event Selection

at least 1 primary vertex with > 5 tracks
no isolated lepton with pt > 20 GeV
— only hadronic decays
no fake jets
— reject unphysical jets from fake energy deposits in calorimeters
no jets with [JVF| < 0.75 and pr > 20 GeV
Njet > 5, pr > 55 GeV and || < 2.5
at least one more jet: pr > 30 GeV and |n| < 2.5
— all-hadronic decay needs at least six jets

(]

(]

® ©

@ at least 2 b-tagged jets: pr > 55GeV, |n| < 2.5
— top/antitop decay into b/b quark
o S, = EP*/(0.5v/GeV x /Hr) <6
— if significance of EF"*° is high then veto
@ angular distance between two b-jets: AR(b, b) > 1.2

— reject b-jets from gluon splitting
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Event Selection

at least 1 primary vertex with > 5 tracks
no isolated lepton with pt > 20 GeV
— only hadronic decays
no fake jets
— reject unphysical jets from fake energy deposits in calorimeters
no jets with [JVF| < 0.75 and pr > 20 GeV
Njet > 5, pr > 55 GeV and || < 2.5
at least one more jet: pr > 30 GeV and |n| < 2.5
— all-hadronic decay needs at least six jets

(]

(]

® ©

@ at least 2 b-tagged jets: pr > 55GeV, |n| < 2.5
— top/antitop decay into b/b quark
o S, = EP*/(0.5v/GeV x /Hr) <6
— if significance of EF"*° is high then veto
@ angular distance between two b-jets: AR(b, b) > 1.2

— reject b-jets from gluon splitting
@ angular distance between any two jets: AR > 0.6
— increase trigger efficiency at high pr
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ttCross Section Kinematic Fit Analysis

Likelihood Method

o ldea:

© determine jet energies Eje;; by maximum likelihood method

© use fitted Eje, to compute my-distribution

© perform unbinned likelihood fit to the m;-distribution to obtain o

@ Likelihood (constrains on my, T'w and myop)

Lin =BW(mg,q2|mw, Tw) - BW(mg;qalmw,Tw)-

BW(mq1q2b1|m{§f,°, rtol:>) ’ BW(mq3q4b2‘mt

H €; b; b-tagged

. 1 —¢€; bj not b-tagged
g; b-tagged
;  gj not b-tagged

—
—
—_

|
:U|'—‘1_3|"‘
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W(Ej6f1|Eb1) ’ W(Ejﬁz‘Ebz) ’ W(Ejﬁa‘Em)'
W(Ej6f4|Eq2) ! W(Ej9f5|Eq3) ! W(Ejet6|Eq4)'
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Likelihood Method Il

A priori association of jets with quarks is impossible

? b1, by, q1, G2, 3, Ga

= perform all distiguishable
permutations for each event and select the one with the highest likelihood
= event propability Peyent

Min perm(— In Liin)
> {jet}eP(1,....6)(— In Luin({Jeti})

Pevent =
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Top Quark Mass Distribution

By the likelihood method one obtains the most likely jet combination
which can be used to calculate m; = mgqp

90.25 ) 9 4 T
z [ ATLAS PreI|m|naw Simulation 1 € [ ATLAS Preliminary Simulation ]
> r Matched combinations only 7 30 035ivyrong combinations only B
2 o[ ttsignal 1 F ttsignal ]
g 021 4 ] g r +4 ]
g | ++ 18°0% W 4 ited E
0.151- + Fitted 4 0025~ 0” !, +Reconstructed

L 4 £ 4 [} ]

r #ﬂ + Reconstructed ] 0'02? I t“ E

0.1~ o4 7 o.015F .‘ Wg E

[ ] F # 1

[ L j 0.0 & “"% E
0.051- * N b E ¢ ]
F o " 1 ooo0sF ¢ “:“ﬁ

XS £ A

Lol ™ o Ponsgsaindiee i nleni ool ST B I B I B B

%o 100 150 200 250 300 350 gO 100 150 200 250 300 350 400

Magh [GeV] Mygb [GeV]
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Background Modelling

@ Construct m;-distribution form MC sample with eventselection as
before but without b-jet requirement
— resulting distribution contains tt all-hadronic contribution of
estimated 4.6%

@ take the shape of the distribution (4-corrections) to be the propability
density function of the background

@ contruct a Likelihood function for the background and fit the the data

> 250fF TR g gg T T T T T
8 I 1 5 ATLAS Preliminary 3
< [ ATLAS Preliminary 1 < 0.07- untagged not corrected
® 2001 4 & F multi-jets: b-tagging 1
= ] 50.06 b+jets: b-tagging E
% P Ldt 471" 1z 3 - heavy flavour composition 3
150 - 0405; E

r —s~ Data 1 oo4a- E
100F [ ttsignal b £ ]

r Multijet background - 0.03; E

[ ] 0.02E E
50j B E E

I ] u.ulr {
; « ¢ ] £ ]

v b by LT i)

q.OO 200 300 400 500 600 700 ?00 200 300 400 500 600

m, [GeV] m, [GeV]
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ttCross Section Cross Section Measurement

Cross Section Measurement

© perform an additional event selection
@ reconstructed m; > 125 GeV
0 6< Njet <10
@ Peyent > 0.8
o Minperm X2 < 30
X2 _ (mj1;j2 _ mw)z + (mjlaj27b1 — mf)2 ¥ (mj3,j4 — mW)2 ¥ (mj3,j4,b2 — mf)2

2 2 2 2
G’W [ G’W [

= correct permutations rise up to 36%

after Likelihood fit a signal fraction of fs'g (31.4+£23)% is
obtained from final data sample with Ntt = 2118 events

tt selection efficiency derived form MC sim.: ¢ = (0.086 + 0.003)%
Luminosity £ = (4.7 £0.2) fb~!

o= N _ (168 + 12) pb

© 660 ©

P.Galler (HU Berlin) tt Production: o, and my @ ATLAS/LHC 25.05.2012 15 /31



m¢ Measurement

PART Il
Measurement of m; from tt-Production

[ATLAS arXiv:1203.5755v1]
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m¢ Measurement Introduction

Event Topology

Example for the event topology for e+jets and u+jets decay of the tt-Pair

v — EPs
W <
e It

— isolated Lepton
t b —  bjet
7 b —  b-jet
g — light quark-jet

—  light quark-jet

QI
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Event Selection

@ single e (ET > 25 GeV) or single i (pt > 20GeV)
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Event Selection

@ single e (ET > 25 GeV) or single i (pt > 20GeV)
@ u+jets: E?iss > 20 GeV and E7’1’i55 + mJV > 60 GeV
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Event Selection

@ single e (ET > 25 GeV) or single i (pt > 20GeV)
@ u+jets: E?iss > 20 GeV and E7’1’i55 + mJV > 60 GeV
9 etjets: E?iss > 35 GeV and mJV > 25 GeV
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Event Selection

@ single e (ET > 25 GeV/) or single i (p7 > 20GeV)
o ptjets: EMSS > 20 GeV and EMS + m], > 60 GeV
9 etjets: E?iss > 35 GeV and mJV > 25 GeV

® Njets > 4 with pr > 25 GeV and || < 2.5
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Event Selection

@ single e (ET > 25 GeV/) or single i (p7 > 20GeV)
ptHjets: EMSS > 20 GeV and EMS + m], > 60 GeV
e+jets: E?iss > 35 GeV and mJV > 25 GeV

Niets > 4 with pt > 25 GeV and |n| < 2.5

at least on jet is a b-jet
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1d-Analysis
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Likelihood

Use likelihood to determine the most likely jet permutation:

L = (Breit-Wigner) - (Transfer Functions) - (bTag)

w  F 3 @
o [ v 4 € E o \s=7Tevdaa ATLAS 3
£ o5 %ﬁll Corrgct ATLAS Simulation — @ 400 g 0 177 ¢ Goy VA
w L had _|eF] - w E [ single top m, =1725 GeV ul
3 by, < light ] i ziets E
N 04 bip = light — F Ww,zz Wz B
=z 0 All Wrong ] 300 Wiiets =
g r ] r [ QCD multijets |
S o3 ] 250 7777 uncertainy =
S o3 ) a E B
[ e +jets ] E E

r : 200F [Ldt=1041" E

02 7 150 e+jets =

[ ] 100 E

0.1 . E E

F B 50 =

5 -40 -Ql
L

InL
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Observable

reco
to)

. m
@ The used observable is R3» = =%
w
reco, like

® Ry = m“’" = Rsp is dependent on JES (Jet Energy Scale)

reco, like

w
@ take most likely jet permutation form the likelihood fit and use these
jets to reconstruct the masses my5r”> and myy°
= R3, less dependent on JES

o 1G0T T T T T T I IO e I I e
o F ATLAS 4 * \s=7TeVdata J o E ATLAS * \s=7TeVdata B
3 1400 Z W i, -1725 Gev 1 5220 I W 71725 Gev =
= F B single top m D-1725Gev: £ 200 ) B single top m_=1725 GeV 3
g F I z+ets 1 g E ¥ N z+jets 3
w 1201~ WW,ZZWZ 7 L 180 WW,ZZWZ =
C WHets | lGOi WHets 3
100~ @ QCD mulijets ! E R QCD multiets E
r U777 Uncertainty 1 140; Y77 Uncertainty E
8 E Ldt=1.0415" 7 120 Ldt=1.041" 3
60 e+jets - 1001 u+jets 3
L ] 80 E
40 - 60;* 7;
F ] 40 =
20 4 205 =

L ok

=)

253354455556 15 2 25 3 35 4 45 5 55 6
R32 R32
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R3>-Tamplates

@ use MC data for different m; = 160,170,172.5,175,180, 190 to
create R3p distributions — tamplates

@ parametrize the tamplates by functions f(Rsp, Xp)

018+

- e
° Olsi ATLAS Simulation My, =160 GeV ]
o o m,,, =170 GeV
= [ M,y = 180 GeV
QL 014 M, = 190 Gev
m £ ] 2
3 o1z 4 X =
N L ]
T o1 E 2
£ T ] =
5 F i 1 me Ny, i _ .
S oo etlets B i bins |:T((R32)Ia m) f((R32)I)Xm)
oosE 3 § 0.2
0.0a- 4 m=m =1 m
0.02 B
5 ==
07 Lo b o by by iy
15 2 25 35 4
R32

@ perform simultaneous x2-fit to all templates to obtain a continous
function of m:,, and R3» which can be interpreted as signal
probability function Psig(R32|myop)
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Background and Likelihood Fit for my,,

o get mtop mdependent background Rs; distribution from MC

T T
« Background

4
o
[%

o
< I g
a o
RRRE AR R R RN R

ATLAS

J' Ldt=1.0415" —Pug

e+jets

Normalized Events / 0.

o
-

H
o
~
~
2
%)
w N
2
8 | | | | |
8 sl b b b b b

9 interpret this as Ppyg(R32)
@ perform likelihood fit with npue and myp as fit parameters

Npins AN

Le N
N;!

L(R32‘mtop) = Eshape(REIZ‘mtop) X Ebkg(R32)7 Eshape(R32|mtop) =
i=1

(Mo — el )?
T}, Ai = (N = npig) - Psig(R32|Mtop)i + Npkg - Poig(R32)i
pre

"hicg
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2d Analysis
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m; and my, Distributions

@ in this analysis my., and JSF (Jet Energy Scale Factor) are fitted

@ t-quark candidate form hadronic decay is reconstructed from the
combination of any b-jet and two light jets which has the hightest pr

o for the light jet pair the parton scale factors «; are determined by a

2 2
2 cp. 2 =2 [Eey(1-a) Mijet jet(c1,02) —mw
x° fit: x —Z,’:l[ 7 (Ejer;) + Tw
@ mi° is reconstructed without partron rescaling

reco ; H .
® mi5r’ is reconstructed using «;

3 T 2 ARARE
8 600 ATLAS & 600" ATLAS
~ Wt jets 0 W+ jets .
= Ldt=1.0415" - E Ldt=10416" [ Z+jes il
£ 500 / £ 500 J wwz.z2 E
1] Wjets s Wejets
@ [ pat @ 400 P I co nuiets ]
400 Uncertainty E i Uncertainty ]
300
200[444
100|

100 150 200 250 300 350 400
mie [Gev] mgs’ [Gev]
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Constructing Templates

o templates for my5°-distribution for values of m; € [160,190] GeV and
JSF €[0.9,1.1]

o templates for m{f°-distribtion for values of JSF € [0.9,1.1]

@ parametrize the templates for signal and background and interpret

them as probabilitiy density functions.

> T T T T T PO T
3 o E
S 1000] @ 00 ATLAS Sl\mula‘mn
2 r E H+jets
2 g F JSF=1,m =1725GeV
g 800) § 2505
] “ 200 ;
P & <= 600) E PS’g
w . . = Po
400 E e,

ATLAS Simulation 1001
200 HHjets 1 E
JSF=1 Sop
, | | , | f , | | "
% % 70 80 9 100 110 100150 200 20 300 30 400
e [Gev] e [GeV)

T T T T T
ATLAS
I Lat=10415"

et
I8F=1,m, = 1725 Gev

bk, 120)
PWg = o + Background

Background
o

Events /5 GeV

T \+\ T
| ]

{ i

Events / 10 GeV

of
g
3|
g
8|
8
Elulwlibnlid
5

40 Tu+jets 40fs
20 JSF=1 20F
1 | | | | EL | | | | | E|
100 150 200 250 300 350 400
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Likelihood Fit for JSF and my,,

Unbinned likelihood fit to the data for all events, i =1,.., N

reco reco
»Cshape(mW 7mtop ‘mtop7 JSF7 nbkg)

N
= H Ptop(mggg°|mtop, JSF, nbkg),- X Pw(er?/CO|JSF, nbkg);
i=1
with

Prop,i = (N — npg) - Pi& (miec| myop, JSF); + Npkg - Pea (M| myop, JSF);

Py = (N — npg) - PoE(mECIISF); + npig - PoE (miE | JSF);
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Numerical Results

e 1d
etjets 1 Mygp = 172.9 £ 15455 + 2.55,5: GeV

/.L—i‘jets . Miop = 1755 £+ ]-']-stat + 2.65y5t GeV

e 2d
etjets : Myop = 174.3 £ 0.845r £ 2.35y5: GeV
ptjets : Mmeop = 175.0 £ 0.754at £ 2.64y5: GeV
@ e- and p-channel combined
1d: myp = 174.4 £ 0.955: £ 2.55,5; GeV
2d: Myop = 174.5 £ 0.651a¢ £ 2.35y5t GeV
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Graphical Results: 1d-Analysis
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m¢ Measuremen Results

Graphical Results: 2d-Analysis
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Topquark Mass Comparison

ATLAS (Date: February 23, 2012)
e+jets (1d) —_ 1729+ 15+ 25
u+ets (1d) —+—e——— 1755+ 1.1+ 2.6
etjets (2d) —— 1743+ 0.8+ 2.3
u+ets (2d) —_ 175.0+ 0.7+ 2.6
I+jets —— 1745+ 0.6+ 2.3
Most precise (CDF |+jets) oo 173.0+ 0.7+ 1.1
Tevatron September 2011 FooH 173.2+ 0.6+ 0.8

(stat)  (syst)
| | | | |

160 165 170 175 180 185
My, [GEV]
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