v
q g
\_f CKM IVTbI, anomalous coupling,
b W rare decays, new particles
~— f
spin correlation, mass, charge,
charge asymmetry, t“ lifetime, width
A,
production cross-section, ANy
production kinematics, q'y
production via resonances an
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The last quark discovered. Precision SM measurements predict

its existence and its mass.

In particular the asymmetry backward-forward of b-jets produced
in e+e- annihilation at the Z resonance can be easily explained
assuming that the b quark is in an SU(2) doublet with the top quark

Precision electroweak fits constrained the mass: 178" GeV

mass—| 2.4 MeV 1.27 GeV 171.2 GeV 0

The top discovery dates 1995 by the “w. iU |[2C |zt £

. name-— up charm top phaoton
two experiments at the Tevatron ———
" -V s N
CO”Idel". % vzd ’r’zS ’:fzb (1} g
S down strange bottom gluon
We are now in the era of precision Ve | LV, | V2 |2
Top measurements novo | | newiono | | neveino | [HEROR0N

0.511 MeV 105.7 MeV 1.777 GeV B80.4 GeV

e B kT e

electron muon tau W boson

Gauge Bosons

Leptons
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alpp—=tt+X) = Z / dr;dz; X Fg[J'g.I{!-)F;[.i'j.,!J.'-]I{'irz'jf:.i"z'..i"J'.F.r.i'Eﬂp.ﬂ-E}
]
mTOP/Z <p<2m since the mass is so large the calculation can be
performed with the perturbative QCD
At LO the diagrams that contribute are

g Q@ -t Gy tog -% !
9 &9“ Iy rog F

LHC: 80% gluon fusion 20% qgq
Tevatron: 85% qq 15% gluon fusion

NLO calculations available.
July 28, 2014 Dottorato 2014



NLO calculations are important: ~50%
Since not everything is in agreement with the theoretical expectations

theoreticians are calculating also the NNLO corrections

4
bagaei(8) = 25T {Lo +NLO + I\NLO}

ﬂlt

LO - green

NLO - blue

NNLO - red (with errors)
approximate NNLO - black

Preliminary

f=V1-p

————= %

' Alexander MITOV CERN - Mor'lond QCD-2012 —
July 28,2014 Dottorato 2014 4



Top Quark Decay

Quark top decay before it can form a bound state

T~ 1072 sec‘ compare to ‘TQCD ~ 107* sec
b (
// WT — [Ty
It dZCCl.YS y . L"LL_I - bH‘H_ )
pr'edomlnan’rly W, W+ — Q(T
I.al i "-.
H’
The event is
ttbar Decay Modes
b Oete Emu+mu  Etauttany Oermu Dettau
"'-".'I'-_I_ Omut+tau  Metjels Omutjets Otautjets  Dall had

Vo0 Httorato 2014 5



Theory Detector

Vg

Events classified depending on the W decay:

® Di-lepton: low yield, low background, well defined leptonic
signature, neutrinos - MET

® higher yield, moderate background, lepton
signature + MET + jets

® All hadronic: highest yield, huge background, only jets

July 28, 2014 Dottorato 2014



Top Quark Events Reconstruction: Common tools

Final states always with jets and b-quark in jets.
1. Reconstruct jets
2. Use b-tag algorithm to determine if the jet is originated by a b-quark

Jet Energy Scale (JES) is one of the major
source of uncertainty (see discussion on jet
reconstruction)

Top analysis now use a hew method to determine
the energy scale: the “in situ” calibration.

Use cone algorithm
July 20, 2U14 Dottorato 2014 7



In the decay channels where both Ws decay in hadrons it is possible
to leave the JES as free parameter and fit the W mass.
Templates with different JES are produced and the W mass is fitted

Eﬂ'” T m== templates, 1 tag events (Mtop = 175.0) Eﬂ-"ﬁ__ tf m=* templates, 2 tags events (Mtop = 175.0)
L 1) L 1) —
2012~ B cs-30 #0141 B Es-30
= = —
g [ JES =-1.0 g JES =-1.0
Ll n.1_ uln-12__
5 L JES = +1.0 5 JES = +1.0
§ I JES = +3.0 & 01f JES = 43.0
g0-08 —— P(m** | Miop.JES) g8 —— P(m™ | Mtop.JES)
E : ) Eﬂ.ﬂﬂ_— W
006~ C
[ 0.06-
0.0a -
i 004
0021~ 0.02f
n- | 1 L 1 1 1 L L 1 1 — - . I n: 1 1 1 1 1 1 1 1 1 1 1 I - 'l L L I
0 50 100 150 200 250 0 50 100 150 200 250
mi (GaV) my (GeV)
_7‘ [a 7‘ {rec 2 ( 7‘ {b 7‘ {rec)Z
2 ( Jj w ) Jj w
X = +
rW rW
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Top Quark Reconstruction:Common tools

2. Use b-tag algorithm to determine if the jet is originated by a b-quark

o * Select tracks with high impact
parameter respect to primary
vertex

* Request at least 2 tracks

displaced * Fit the tracks to iden’rify a

rErkE secondary vertex

« Cut on decay lenght ny to be

Lepton

Displaced
Vertex

Primary vix d, '-I
<7\ "{ Impact parameter compatible with the distance
| traveled by a b-hadron

July 28, 2014 Dottorato 2014 9



Requirements: Requirements:

> two high Propposite charge i one high P .isola’re.d leptons
isolated leptons g at least 4 high E jets
> at least 2 high E_jets at least one b-tag

» Significant MET
> at least one vertex b-tag

> . . .
§|9n|f|canf MET Major Background
Major Backgrounds ; L
, , , Process with 1 lepton + jets in
Process with 2 leptons in the final the final state: W+ iets
state: Drell-Yan Z/v*, WW. WZ.ZZ v

Tuly 28. 2014 Dottorato 20 Other contributions from non-W
QCD: fake leptons




AILAS

’ EXPERIMENT =

6 Jet Eventin 7 TeV Collisions

Requirements:

» at least 6 high E; jets
> at least one b-tag

» Small MET

> No leptons

Dominant Background: QCD multi-jets

11



Top Quark Event count

In order to count the number of top-anti-top event candidates the
number of events is plotted versus the n umber of jets per event.
In each bin the contribution of signal and background is different.

Di

epton+ jets

Events(—

1000

500

0
1 Jet

July 28, 2014

CDF Run Il Preliminary L = 4.1 fb™

loata

£+ 0j (5.5pb)
B+ d.6pb)
B single Top
o W +HF

- Mistags
[l Non-w
Bz+iets

- Di-boson

g

|
I

2 Jets =5 Jets

3 Jets

4 Jets

Dottorato 2014

-

epTon CDF Run Il Preliminary (5.1 fb™)
E | [ I ]
P iy =
Eo 2% Bkgd + 16 uncertainty -
- [ ltt(c=7.4pb) B

i

Djet 1jet =22jet HT>=200+05
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In order to increase the purity of the sample the number of b-tagged

jets are counted or at least 2 b-jets are required.

£
000
1500

1000

- CMS preliminary, 1.14 7 5 e
| ee, pu, e charninels

H i I
= .f‘..... S - |" - i... ...... -
o 1 =2 & ad

July 28, 2014

Dottorato 2014

CDF Run Il Prelimin

ary (4.8 1b™)
I -]

[ Itt(c=74p
[ WW/WZ/ZZ
[ ' DY+HF
B DY+LF
P Fake

>2jet
(HT>200+0S5)

b)
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N

0. =

Data NBafkgrauna'

Inserting the number of signal and

ft

A ccj Ldt

background events in the formula and
knowing luminosity and efficiency on signal
we have the cross section

[pb]

1 I 1 1 F I I | LI I B 1 || I LI | LI I L | I | I 1 1 ¥ | I r_]
~ ¥ Tewaran combinaion® L=0.8 14’ i H B
§ e TS Lo ot ATLAS+CMS Preliminary  Juy 2014 5
| O C'-.'IE-.:.-:m:n_v-E..:-lI:- . TDPLHCWG — __________—_-_‘-: .
B F L Mmoo f;_ff v Good agreement with the
# ATLAS dlopion L= 20312 e .
§1U2 0 CMSdieplon L83 -______d-P"“_:-r"" . . = expec*aTlonS
L ® WTLAS cgonsigls” L= 58 1 e
= T O CMSloponsjmstL=2BE o I ]l
_g [~ * Frediminany L " 250 1 7
g ! o _
.._l'
T oo | ]
7 S NNLO+NMLL (pp) 150F 7 .
MWL C+MMLL () 7 )
™ .llr"l Czakon, Fadarn, Miley, PRL 110 [i:'""J'EI:I 25l . N
1 .'Ill | i - I. -] 'I-lwl-. :I I Il.2 -|\.I GIET TDFLT;UF I-.l I-I“J.:“I.II"E:JEl al.a;?m'n? " |:'lll.-’:ll:‘1-L:-|I:I -
2 3 4 2 3] 7 8 g9
] 5 [TeV]
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Top can be produced also via electroweak interaction involving a vertex
W1b. There are three different production models depending on the
Q° of the W:

1. ¥-channel: a virtual W-boson interact with b-quark (sea quark) (a)

2. s-channel: a virtual W boson q*>(m, +m,)* is produced by the fusion

of 2 quark of SU(2) isospin doublet (b)
3. W-associated production: top quark is produced with a real W-boson
starting from a sea b-quark and gluon (c)

u(d) d()
u(d ) rf (7) u

< . t b t
WS
Tt + W+ J“mlf
b W EE;}' IE_J
- - E 5’ [ir_

(a) (b) (c)

July 28, 2014 Dottorato 2014 15



Single top at Tevatron t-channel §'%21.96 Tev

o Single top cross section t-channel
1.43‘—%;.____ | — Lol )
T N e Dominate at Tevatron and LHC
I.J_— =) "‘H.;-'-"-., ------ NNNLO approx

PRD74,114012,(2006)

IIIJ’I-.IlIIIIIIIIIIIIIIIIIIIII

1.2~
L1E
1
(}[]]b_e 1 1 1 1 ]é_ 1 1 1 1 l'l?U 1 1 1 1 l’l}‘ﬂ 1 1 1 1 ISD
5 5
m (GeV) LHC
Single top LHC t-channel NNLO approx (NNLL) p=m, Single antitop LHC t-channel NNLO approx (NNLL) p=m,
200 I I M : T T T T T T T T T T T T T
B i wolb ]
s ] : -
- B 80 —
= [ ] 2 | — 14TeV
= —— 14TeV = sl e TTeV -
— 100 —_ ?T.ef.f - - G0 7 TeW
° | i :
L i a0k _
so_ ] L
- T e e 4 0+ e e =
: : I , | . . | T
6 1'_,0 L 1L5 0 963 170 et 173 180
i m i
m, (GeV) NA : (G=V)

O N. Kidonakis, DIS 2011, Newport News, Virginia, April 2011
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Single top at Tevatron s-channel 521,96 Tev p=m

L

09F — 10 3
F ——- NLO approx 3
0.8 N NNLO approx 3
07 ; ------ NNNLO approx _E

_ 0.6 f_ — - . X ‘:/
=) E T , _
Z0S5F "_“‘--ﬁ_.;_ﬁ_'— SETEI -
: ST
0.4F B
0.2F =
E 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 .

(I:GCI' 165 170 175 180

m, (GeV)

LHC

Single top LHC s-channel NNLO approx (NNLL) p=m

A |
; o - -
— E - ) _
. i
o _
| -
_ I | I L L 1 1 -
fes 170 175 180
GeV
- _ ottorato

VUL LUy v a

arXiv:1005.3330

Tevatron
PRD74,114012,(2006)

Single antitop LHC  s-channel NNLO approx (NNLL) p=m

E_ | |
i m— T
Sk ——- 10TV E
] c—— TTeV
4k - o |
=X |
: e
- |
- I I |
{6 170 " )

Single top cross section s-channel
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PRD74,114012,(2006)

bg --=> tW  at Tevatron 5”3:1_9@ TeV

H=m
025 ———— — ——
— LO
L ——- NLO approx i
0.2 e -—--— NNLO approx 7]
N P, NNNLO approx
0157 .
= i
B . i
B EEEAREETN
0IF— _— T —
- I
0.05 —
i 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1
?E’J() 165 170 ) 175 180
m, (GeV)
bg-=tW atLHC NNLO approx (INNLL) H=m,
6': I I T T T
L — 14 TeV]| ]
—— 10 TeV| 4
ok -—-— TTeV ]
| T ]
Eanf -
& [ ]
0fF o ]
o o b
TR B 1
[fﬁi 170 175 180

arXiv:1005.3330

m, (GeV)

Single top cross section:
W+t associated production

Not enough sensitivity at Tevatron

Dottorato 2014
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el
D
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= 1

rowvvialv vl

I: I | I | 1 | I | 1 | I I I I | I —
~ATLAS Preliminary 12 Sep 2013 2
| single top-quark production t-channel
2 — NLO+NNLL at m, = 172.5 GeV
— MSTW2008 NNLO PDF -
T stat. uncertainty
/ s-channel 3
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- Possible to measure the quark mass
- Important ingredient for SM precision tests: B->X y and KL->TIOVV

- Help verify the Higgs sector due to the relationship with W and H

- Measure the mass from the reconstructed decay products has low
precision due to the presence of jets and neutrino. Use other methods.

Template method

- Choose an observable, x, sensitive to m_

- X can be: lepton Pt, reconstructed top mass, decay length
- Predict the x distribution as a function of m_using Monte Carlo

- For each event evaluate the likelihood for each m_ value

- Maximize the likelihood for the entire sample

Matrix Element

- Use all information from the event integration over the least known
variables

July 28, 2014 Dottorato 2014 20



Method: build top mass and JES template for signal and background
Use the templates as pdf in the Likelihood. Extract top mass and JES

Hadronic decay channel

Reconstruct the event kinematic by minimizing:
(1) (2)

= 2 e 2 'il'l't-E'M
A (miy — Mw)"  (mgp — M) (miy —mi) {mﬁl E {1’4"“

¥ T + T + = ++

mjj = invariant mass of mjjb = invariant mass of P =top transv.
two light jets three jets momentum

rec

For each permutation we obtain m,* this forms the template for

signal (MC) and background (data)

July 28, 2014 Dottorato 2014 21



Top Quark Mass Measurement: Template Method

Signal template: Monte Carlo data Background template: data

Background mtrec template,é

E E tt m!* templates, 2 tags events (JES = 0.0) Eo-m;
30.14:— B Mtop = 160 %0'07;_ . Corrected Bkg
50'12:_ I Miop= 170 !;E0.0GE—
5 i Mtop = 180 e F roc
§ o Mtop = 190 20.05F — P(m™)
Eo_mi_ —— P(mM™ | Mtop,JES) Eo_mf
0.06:— o.oai
004:— 0'022
0.01f
0.02|-
E 1 ‘ 0- 100 150 200 250 300
0 I1oo - |150I - Izool - 250 soo(G v \ m;* (GeV)
m= (Ge
L =L +L
tot M 0 JES L TaL
’ .I: -N;hl “:'P:; [:m‘l T |J1![Iup:JEE':]'I'“b'P;::: [:'il'l'll.l -;:]
M‘!-ﬂp = =1 )
The 2 free parameters i
are: fop mass and JES mye : mys
P i n-ﬁ'}h ey (M | Mrap, JES)Hite By (w2
JES = | l4=1 o ity

July 28, 2014



Top Quark Mass Measurement: Template Method

Tevatron all hadronic decay channel

AJES

CDF Run Il Preliminary, (2.9 fb)

-Ln(L/Lmax) Contours, 1 +=>2 tags events

[ * Fitted Values
[ __ -Ln(L/L_ )=45
— max

F__ -Ln(L/L__) =20

F__ -Ln(L/L__)=0.5

166 168 170 172 174 176 178 180 182 184
M,,, (GeV)

July 28, 2014

Dottorato 2014

Events{5.0 GeV)
E ¥ 2

CDF Run Il Preliminary (2.9 fb™)

= X tag: eventz m™
r

—|— Data
- Fitted ft

I Fitted Bkg

¥ AUMNdof = 20.2 | 22
Prob = 0.56%

100 150 200 2350 00
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Top Quark Mass Measurement: Template Method

CMS. 5= 7 TV, i+jets CMS, 18 =7 Te¥. i+jets
T T T T T T T T =T LI T T

- — ~  4000F 7 T
LHC— CMS Q - I:I'Fuw:h?d -I"'h'IH ] ek B :Iﬁm:l'nd -I-l-hl"l- -
(0 BO00F [ wrong ] Wt 3 (9 2500 [ X wrang ] Wshors E
/ [ = 2 Ep 3 ':'Th';?“* k E . g %gmm.l e ;:*csh?n:- " :
H/et) ets P 7000F B Tuncerainy ; 1 G so00f e . :
d h | 2 2000k ! 7 2 2500 E
ecay cnannel s ;0 1 £ : ]
E E 3 E 2000F —
3000F 1 &% ;
C . f 2000F 3 1000 E

reco g s 3 -

M and M 100 200 300 200 300 400

w f miz= [GeV] = [GeV]
before and @ ®)

CMS, {5 =7 TeV, i+jpts CM5, 5 =7 TeV, isjpts
af'rer‘ The % C |:|H'url'nal:c:ﬂ-d -I':'J"‘“ . a n |:I||'Eunrnl:clu-d I -I"h':ﬂ -
5 3000 [EEt wrong [ W+fets - L] 12[]_[]-_ [ #F wrong ] W= ]
. o C T comer [ sirgle top ] L - T cormct [ =ingle fop g
CO nST r'al n T - EE i unoeriainty + (Dt {50 fb 7] o " EE st unoenaingy + [Dwta (5.0 fb0 ]
& 25001 - o 1000 -
. == L n i~ - .
= 200 EI: { ] = i ]
@D — — @ L ]
= . . £ E-Uﬂ: ]
= : 3 L = R ]
2 1500F 4 2 sook 7
o C 1 9 ® X N
£ 1000F 1 B 4o0F 3
@ : ] & - .
S s00p 1 2 zo0b ]
o - . © [ ]
= [ M E .
n?] 0 200 300 l:.?] 400
m= [GeV] m* [GeV]
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Top Quark Mass Measurement: Template Method

LHC- CMS p/e+jets decay channel - Results

CMS, 5.010", {5=7 TeV, isjets CMS, {8=T7 eV, /+jets
¢y 1.01 25 = ——— T :
— .| E -
E 3 E'DD'D_ 3 260
1.005 = i o 200F & /|
P 2 ¥oasp N lo-
E 6000 100F U
1 o ; 50E / |
Ll = e 3 \ 4
0.995 - (GeWT T
4000
0.99 B
2000
0.985 B
0 _
172 173 174 175 0

m, [GeV]
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Observables: measured momenta of jets and leptons

Question: for an observed set of kinematic variables x what is the most
probable top mass

Method: start with an observed set of events of given kinematics and
find maximum of the likelihood, which provides the best measurement
of top quark mass

Our sample is a mixture of signal and background

E(,m,) = frop W (X,m, ) (1= 1,,,) LB, (%)

Pyl X) depends on the decay channel

P .. (x;m, ) daq; dq, flaq,) flg,) W(x,y)

sgn
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Top Quark Mass Measurement: Matrix Element

W(x,y) is the probability
that a parton level set of
variables y will be measured
as a set of variables x.
Parton Energy <> Jet Energy

probability to observe a
set of kinematic variables
x for a given top mass

=

1
o(m,)

dq, dqu(ql)f(qziW(x,y)\

f(q) is the probability distribution than

Psgn(x;mt):

Normalization depends on m, a parton will have a momentum q

Includes acceptance effects

In a similar way is constructed P, (x|
July 28, 2014 Dottorato 2014 27



200
180
160
140
120
100

Events / bin

N & o @
2 0 o O

is minimized to obtain

InP_.
sig

&

CDF Run Il Preliminary 3.2 fb”

Grid Point:
M, = 173 GeVic®, A

. Viob
. Voo
B W
1 wilight
[ Diboson
I zingle Top
I nonW
[ Z light flaver
[ Signal (M, =172.5 GaVic? )
data

Jes = 0.0

-75 -70 65 -60 -55 -50

July 28, 2014

-45

-40

In Psln

Then the likelihood which uses P, (x,

CDF Run 1l Prellmlnary (3 2 fb )
@ 1.57 T

<]

Events / bin

In Pbk

60—
140 NN VVbb
- W
C . We
120 1 wiight
- [ Diboson
W Single Tep
100 D nonW
~ [ Zlight flaver
[ [ Signal(M, =1725 Gewic®)
80 O data
60—
40—
20—
0 - L
-T0 65

CDF Run Il Preliminary 3.2 fo’

-60

M) = fop gy (X,

-55 -50 45

inP,_

m)*+ (1= £, Py ()

-+ result
— A(LogL)=05
~ A(LogL)=2.0
— A(LogL)=45
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Best Linear Unbiased Method (BLUE)

- Linear combination of all measurements

- Set of coefficients (weights) minimizes final uncertainty (optimal

- Individual uncertainties and correlations are into account for the
final uncertainty

Correlations are very important:

- For correlated measurements may yield negative weights for less
precise measurements

- Major correlations sources: JES (light quark and b quark jets) and
theoretical model
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\weight |/ ¥ |weight |for all measurements

Top Quark Mass Combination Results Tevatron

Mass of the Top Quark
® Measured with 0.5% precision March 2013 (* preliminary)
CDF-I dilepton - 167.40+11.41 (=10.30 = 4.90)
M, =173.20 +0.51 [E‘b&t) + (.71 (ﬁ}"ﬂb) GEV] . *
D@-1 dilepton 166.40+12.82 (=12.90 - 3.60)
2 Indf=8.5/1 | corresponds to 67% probabilit ) ol
X P °P Y CDF-Il dilepton 170.56+3.79 (:219=8.09
Individual pulls within 1.5c D@11 dilepton N 174.00£2.76 (-2.36-1.44
_ CDF-I lepton+jets ‘ 176.10+7.36 (=510=5.30)
f March 2013 D@-1 lepton+iets 180.10+531 (=350=280)
00‘"" Preliminary |
CDF-ll lepton+jets 172.85+1.11 (=052=0.98)
R positive weights D@-II lepton+jets - 174.94+149 (-083-124
Ly 2osolute value o CDF-I alljets 186.00=11.51 (- 10.00+ 5.70)
negative weights
CDF-Il alljets “9 172.47 207 (1432149
CDF-ll track ¢ 166.90+9.46 (=9.00 = 2.90)
CDF-Il MET+Jets * | B 173.95+1.85 (:135=1.26)
VT
#?@- & Tevatron combination 173.20+0.87 (0512071
@Mﬁfﬁwﬁ#@ﬁ ) [+ 58t + syst)
g cpe"' & _g‘-’-‘h | | | | 1fdal‘|= 8.5M11 {ET%]
150 160 170 180 190 200
M, (GeV/c®)
July 28, 2014 Dottorato 2014
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Top Quark Mass Combination Results LHC

LHC m,,, combination - September 2013, L_=3.5fb"- 4.9 fb”
ATLAS + CMS Preliminary, Ys = 7 TeV
FEEETEE T e e 172.31+ 023+ 0.72 £ 1.35
ATLAS 2011, di-lepton
e — — 173.09 = 0.64 + 1.20
o e —so4— 17349+ 0,27+ 0.33+ 0,98
CMS 2011, di-'EFItﬂr'l | - | 1?2 En + D 43 + 1 4-6
L, =43 H" -~ = U x 1.
CMS 2011, all jets ——e—— 17349+ 0.69 +1.23
L., =35 ] ) )
LHG September 2013 — i — 173.29+ 0.23+0.26 + 0.88
Tevatron March 2013 i 173.20 £ 0.51+£ 0.36 = 0.61
[stat.) WES) (syst)
| | | | | | | |

166 168 170 172 174 176 178 180 182
m,, [GeV]
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First World Top Quark Mass Combination

Tevatron+LHC m , combination - March 2014, L =35 b'-a7m’

ATLAS + CDF + CMS + D0 Preliminary
— i = 172.85 + 1.12 (052 + 0494 0.88)

COF Runll, I+jsts

©HF Funll, arlsatan ' . : : 170.28 + 3.69 (185 L 313
COF Funl, &l jets b ———t 172,47 + 2.01(1.43+ 085+ 1.04)
COF Runll, E™ +jets I

. ' ——— il ———i 17393 + 1.85 (1 26+ 1.05+0.86)
Qi Qulll_l-_::r:.

—t—g—ti—i 174 .94 + 150 083+ 047 +1.96)
09 Runll, di-iepton - - s~ 174.00 + 2.79 (236 + 0.55+ 1.38)

ATLAS 2011, I+jet=

—_— e — 17231+ 1.55 023+ 0724 1.35)

ATLAS 2011, di-lepton ————— 173.09 + 1.63 (0.64 £ 1.50)
CMS 2011, l+jets

— HH — 173.49 £ 1,06 (0.27 + 0,33+ 0.97)

CMS 2011, i-epton —t——i 17250 + 1.52 043 +1.46)

CME 20141, all jets

——— 173.49 + 1.41 060 +1.23)
2 =i 310 173.34 £ 0.76 (0.27 £ 0.24 £ 0.6T)

7 prod =i

" Tevaltron March 2013 (Run 1+11) rere———p TTa.20 X U.87 (051036 0.61)

World comb, 2014 :

Previous

“ LHC September 2013 — i —t 173.29 + 0.95 (0.23 + 0.26 + 0.88)
totgl  ¢stat. LIES syst)

180

1
165

Miop = 173.34 £0.27 (stat) £ 0.71 (syst) GeV| (0.44% 1)
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» Direct Mtop measurements make heavy usage of Monte Carlo

.

™

!
I

‘ Parton shower (kinematic expansion) ‘

B |Hadronization Models ‘

‘ f/

‘ Perturbative corrections

—
)
—
‘e
/

top mass definition scheme-dependent
contained here | separation
(shower cut: 1 GeV)

affect all top mass
dependent observables

» So we measure the Monte Carlo top mass! What is in the Monte Carlo?
» Masses in Quantum Field theory:
Pole mass: based on the concept of free particle, usable only in
perturbation theory ( i L=, does not apply to quark

—m +l€

MS (Mass Scheme): m!°"+ corrections due to the interaction

Conclusion m,, (R.)=m""*—R,c laSl R_~1GeV Shower cut-off

top

Detailed discussion: http://arxiv. org/abs 0808.0222v2

Top Mas Measurements from jets and the Tevatron Top-Quark Mass A. H. Hoang, I. W.
Stewart and https://indico.desy.de/getFile.py/access?

con‘rr'lbId 30&sessionId=9&resId-= O&ma‘rer'lalId slides&confId=7095
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» The top quark mass can be extracted from the cross section
measurement using final states that have weak dependence on the
top mass. The measured cross section is compared to the NNLO
theory prediction where the top mass is a parameter and can be
defined in a not ambiguous way

» This measurement is a important QCD test where the o(m
verified.

»Method used:

- The theoretical cross section as function of ;;7“is calculated using
different NNLO approximation.
- Cross section parametrization is extracted from data:

pole
top

) is

I"-.-1If} —

oz (m, [a+b(mM* —mp) Parameters a, b determined from data

m =170 GeV

(mM©)4
T 3
+c(mM —mg)” +d(mMC —mg)’]
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Mtop is determined from the joint likelihood

Lim;) = [ fexp(or M) fscate (@ Ime) @ foor(er |me) | dor

Experimental function  Theoretical function

1al DO, L=53fb ™ T 4 DO, L=5.3 fb ! = 500y
- o= E 8 e 1\ ATLAS Pmliminary,_[L::aﬁ pb
12 o -
:- 12— - © 400 == aipp — X — lejatseX)
- A — Measured dapen.danca ::-1 o
10 10 0. “ANL T NNLO approx, Langenteia et i
e S e L R 300 3 NLO+HNLL Ahrens et al.
8- 3:— 250~
5:— N 5__ . 200 e ‘ 5 Biises rena,
| —=— Measured 5{pp— T+X) [ —e— Measured o(pp— 11+X) 150 "
4__ —— Measured dependence of o s “-_ —— Measured dependence of o 100
C —— Approximate NNLO L Approximate NNLO cez,
z_l [ r‘fLI‘]ThI‘NILII' PN R A T TR T T N TN T N N B : | NLO.’NHII-L | | | 50 l‘
150 160 170 180 190 2-——40 150 180 170 180 340 160 180 200
Top quark pole mass (GeV) Top quark TS mass (GeV) Top quark mass [GeV]
- D0: mP0ke = 167.5 %49 - precision: ~ 3%
inputs: experimental: ~ 12%, theory: ~ 3%
> ATLAS: me'e = 166.4 +7-8; 5 - precision: ~ 4.5%
inputs: experimental: ~ 13% , theory: ~ 5 %
July 28, 2014 - CMS: midle = 176.7 +38.34 - precision: ~ 2%

inputs: experimental: ~ 4 %, theory: ~ 4 %



With the top quark is possible to test the CPT invariance in the quark
system. The data used to measure the mass is also fitted for the
mass difference Am.

CMS measure the m,. and m : by applying analysis separately to

I'+jets events and to |'+jets events, and take the difference of the
two extracted values.

anti-to

CMS Preliminary, 19 f" at 75 = 5 TeV/ [l 5 %MS Preliminary, 19 "' at /3= 8 TeV [l

= 25000 T WHesis = 230 W+jets
] : I+jets Wzdets | @ g [+]ets Bl Z+jets
o 20000F Il Single-Top| 5 20000 Il Single-Top
o~ [ QcD &l - QcD
@ 15000} — Diata @ 1s000f — Diata .
- L & - .
9 [ ¢ C ]
() 10000} i1 10000F ]
sooof 5000F .
o 14 o jaft # EH_-E
- 19 1 1 L I.I -1 r
< PO U L trﬂ*mr.‘ﬁ"rpl- =12 e T T i
EE::EIIII IIT T T IT TV TV T I TR TY 1111 IININIE NI N ] EH:Q IIII1IIII I I VT AT TP PN T T VAT I TV T T IR P TT I IIE:
0 100 200 300 400 500 600 700 EQU 8O0 1000 0 100 200 300 400 500 BO0 7OD BOD DOD 1000
Fitted Top Mass (GeV) Fitted Top Mass (GeV)
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With the top quark is possible to test the CPT invariance in the quark
system. The data used to measure the mass is also fitted for the
mass difference Am.

Tevatron measure Am.
The t and t-bar flavor determination is done using the electric charge

of the lepton (Q ), definingAm =-Q xdm ™
lepton reco lepton reco
19 . Y r]“-‘-fff B Pe'.rm-m}g / o2 CDF Il Preliminary 8.7 fb™
— i ,_,'('.',i, }' }' .'I I:
o n ¢ Data
+ X _.._..H.(L:'.J;".;'_' — U)oy 250

[ ]t (0 Gevic?)
+ (My; — Mw)? /T3 + (Ma, — Mw )? /T3

N
(=
?

FAAST
e
AAAA

+ {hl,‘j’,r_,.‘ —_ [I"'-I[{]I] + f:li[.i'”i..{_{,l__lll.-"‘z']}ﬂll;.-l.;l_l

+ {hl.'_;-ﬁt; — {.j'l-ll'..[;. - l!':li.i'”r'r-.:'-|_;|.l-"::3.]}jl."lll.:._:l.

Eveﬂts/(1 _9 GeV/c?)
(=] (8]
P2

¢ 7

s
S s L

AM,,, = —1.95+ 1.11 (stat) £+ 0.50 (syst) GeV/c? R
to 3 (stat) »d [(8yst) eV [ _?50 2100 50 ” ?
— .05+ 1.26 GeV/c2. Am'®® (GeV/c?)
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