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Introduction to the top quark
physics




Top physics: Which measurements @ LHC ?

Top quark is unique and powerful instrument to study SM physics and
search for manifestation of New Physics beyond SM

2 Precision measurements:

= precise mass determination SR L L B A B
- together with the W mass, probes SM 80.70 - experimental errors 8% L .
ConSiStency | = LEP2/Tev m,, =80.399 + 0.023 GeV, m = 173.3 + 1.1 GeV)|

. . . | Tev/LHC  (3M,, = 15 MeV, dm, = 1.0 GeV) ]
- provides Higgs mass constraint 80.60 [ LCIGigaZ o —7hev,om - 01 60%) —crrr

= Production cross section f ’ e
- ratio between single top production > s0sol . mssm|
mechanisms probes SM 9; E

= .
= 80.40
2> Top properties i
spin polarization _
80.3

electric charge
top couplings

both models &

80.20

| Heinemeyer, Hollik, ‘Slockinger, Web‘er, Weiglein 107
1 T I O T T

> Important background to many physics 160 165 170 175 180 185

- I GeV
5|gnals: susy,exotlc processes m, [GeV]
a good understanding is essential !!!

> Detector commissioning: contains all relevant signatures (leptons, MET,
jets...) top as calibration point for jet energy scale, MET, b-tagging



Top quark production - <m

2
= Top quark pairs produced in strong interaction via g8 t
- gluon-gluon fusion: dominant mode at LHC (~90% at 14 TeV ) 7 wsoosT—— L
- quark- antiquark annihilation
S — 9 DUV f
' Cross section (NNLO) at mt = 172.5 GeV \ /
~ Tevatron (1.96TeV) ~ 7.46 pb t
LHC (7 TeV) ~ 160.8 pb - 20 times higher than at Tevatron
LHC(14 TeV) ~ 886.3 pb | t'
~10 top pairs/sec at high luminosity
Vs =2 7 14 TeV
103 — T
I ' | |
= Single top quarks produced via EW interaction: wf 7 o(tet)
t-channel, s-channel, tW-channel e | Tevatrop | LIC
L ' o(bb
' ey ae T
= i<
T -3 !
w t-channel & *° |
b t © 10—9
g _ 107¢
b 10~7 - — o
10:2 —Voh {12? GeV)
0=134 pb @ 10TeV 10 7100 102

Eem (TeV)

0=65 pb @ 7TeV




Top-pair Quark Decay

I, q
=> Top decays before it can hadronize wt v, g’
Lifetime 10-25 << scale QCD = 10-24 t ’
= In SM top decays to W+b 99.9% of the time T —
b

Different signatures according to the W decay:

Dileptonic channel (BR ~ 10% ):
both Ws decaying leptonically Top Pair Branching Fractions
- 2 isolated leptons
- high MET from 2 neutrinos
- 2 b-jets

Semileptonic channel (BR ~ 45%) :
1 W decaying leptonically
- 1 isolated lepton
- MET from 1 neutrino
- 4 jets (2bjets + 2 light quark jets) w20

u+jets 15%
Fully hadronic channel (BR ~ 45%) : o 159
both Ws decaying hadronically "dileptons" - i "lepton+jets”
No high pt leptons so hardest to
At least 6 jets (4 light jets + 2 b-jets)
study (large QCD bkgs)



First results of the top quark
physics in CMS
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ol S i £ g b l [T ¢ template
60 80 100 120 2 o 120F | I ight template .
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First top quark physics with the
CMS detector

LHC is a top factory!

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 09 13:54 UTC)
T T T T

In this talk ...

— Delivered 47.03 pb™’

pb~*

/> Dilepton channel: first measurement of top\‘ 3 ooy r
pair production cross section 3 : | :
Used only the first 3.1 pb-1 of data !!

S e o

> Lepton+jets channel: established signal for
top quark production
Updated results since ICHEP with o
. 0.84 pb-1

20 e i g :

; . !
29,’0% 12/05 25/06 08/08 21/09 04/11
Date

But ... much larger sample in hand
> 35 pb-1 of integrated luminosity recorded

Working hard for updated results with the full 2010 luminosity! .



Dilepton Selection

* Dilepton channels: ee, uu, eu

* One or more single lepton triggers and
event cleaning.

* 2 isolated, prompt, oppositely charged
leptons (I = e,u) of good quality
» p{l) > 20 GeV/c
x |nl<24,|n|<24

x Relative isolation:

Detected energy around lepton * Z-boson veto:

— —"— — x 76 <M, <106 GeV/c?
Z track_l_ ECAL_I_ Z HCAL . .
| = 3pT R<03pT R<O3PT » Count additional jets:
Rel.isol. = - - ' <15 % x anti-k. jets, R=0.5

p,(lepton
xusing calorimeterlltracking info

* Missing transverse energy (MET) N < 2.4, p, > 30 GeV/c
X <c.4a, ;>

x using calorimeterlitracking
* MET > 30 (20) GeV (in eu+X) > 2 jets typical for ttbar

10

2> Apply b-tag to the jets



Eventsi(5 GeVic®)

31pb”  Dilepton Channel

> Before apply the full selection: no Z veto, MET or jets requirements.

AL L ttbar dilepton dominant at high I I
10t CMS Preliminary o & CMS Preliminary
3.1pb” at Vs=7 Tev ® Data 3 MET values 2 31 b at Ns<T Tev
Events with ee/ppiep Wzt o w p - ® Data
103 DIN._H:‘JI:-—_ IIIIIIIIII|||i|||||IIIIIIIIIIIIIIIIIII TTTTTTTTI3 10‘ EVE"[SWI[“EE.’JJ.J.I.IE].I. L] +
ESiI‘Igh top E % CMS Preliminary E E;:.—rl ‘r
w ] (L] 1 7 Te ] v
10° Z E“'I_’h = E 10* g\:el;:?s :[ilhﬁe;:u-rp.f:p @ Data = 1(]3 .Siﬂgﬂ top
tt signal 3 — 3
3 @ u Pzr—rr 3 b EW
c e 7 W— Iy
" E 0’ - Z E :;:gls top _§ o M signal
[Jvv .
10° [w—sh iE 10
10" B signal ]
) 10 * E 1
10 c 3
0 20 40 60 80 100 120 140 160 180 200 -
Dilepton mass [GeVic’] 15_ 0 1 2 3 =4
Number of jets
0 10 20 40 50 60 70 80 90 100
Missing transverse energy [GeV]
> Event yields after full selection
Source ete” T eXuT All .
Dilepton 15£01 7 =D 15502 77E£05 Single top, Drell-Yan (Tt
vV 003£0.02  003£001 008+004 0.13£0.07 channel) and double
Single top - tW 0.05 &+ 0.03 0054025  015+£008  025+0.13 boson from simulations
Drell-Yan 77 0.04 +£0.02 0.07 £+ 0.03 0.07 £0.04 0.16 + 0.09
Dl‘(‘ll—\:ra.lll €e, (L 0..8 4 04 + 04 0.6 &+ 04 % 0.53 \_.F/D'JZL o 1440054 0.:5 Drell-Yan (ee’ u_u_) and
Exr911lt-i Wlﬁhvfa.kedleptons 0.3 1i20:l.:40ih().2 0.10i80£25c60.2 _U'[f?j%_f“:' U.lgil[]flio[]..} fake leptons from data-
DOt:]I backgrounds : - ' : - ¢ . ;“'l : = L driven techniques
ata : . D

Top events constitute about the 70% of the sample i



Events/(5 GeWczj
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Data-Driven Drell-Yan Estimate

v Estimate Drell-Yan background outside Z-veto region from events inside

CMSINthnunmy
3.1pb” at \s=7 TeV
Events with ee

ratio outside/inside from
DY simulation

—_—A
dat dat ey, data
Needata _ pee (N].‘if am_ 05Nuf kee)

out out/in

\ .
7 ~"

correction for non-DY
contribution in Z-veto region
from ey sample

i' 120 140 160 180 200
Dilepton mass [GeVic]l - hanandence of Rout on selection:
e Set 50% uncertainty on Drell-Yan estimate

Sample Niet =0 Njet = 1 Njet > 2
ete~

Z/7y* simulation 0.20 & 0.04 0.27 £ 0.05 0.14 £ 0.03
Estimate from data  0.01 190, ™02 03+£024+0.2 08+04+04
Rout/in 0.26 & 0.05 0.17 £ 0.03 0.10 £ 0.02
prp

Z/7y* simulation 0.54 & 0.07 0.68 = 0.07 0.28 £ 0.05

Estimate from data  0.01)5 T84 1.74+074+08 06+044+03
Rout/in 0.44 - 0.06 0.28 + 0.03 0.15 4+ 0.03 12




Data-Driven Estimate of Fake Leptons

Background from events with fake leptons: g 07—
- W-+jets events with one fake lepton S 06 38 vs=7 Tov T
« QCD processes with two fake leptons o5k T J;ﬂegu
0 o e HLT_Jet30U
Computing tight-to-loose ratio (TL) in lepton N
03p———4——— : ]
dep|eted data """""" e + ........................
« Inclusive jet sample used e |
O1F s
F(pyn...)= a5 00ect (pr .. N T

* Jenominator object (pr.1....) .
‘ Electron fake rate from a multijet sample

Applying to events with one (iwo) loose
leptons failing tight selection to predict

fakes from W+jets (QCD) events: Systematic uncertainties from TL
. dependence on data sample:
, T'L;TL, i .
NP =% 1T = T N2 * 50% for W+jets, 100% for QCD
ig o ‘ I estimate

A TL? i . .
NWJets Z —— N-Y (with corrections for top and QCD

mnn - / LY .
i (1-TL;) ™" contamination) 13




31pb" Bottom-Jet Identification

- Require b-tagging jets: pure selection, almost background free
- Jets from b-quarks are a telling feature of top-quark decays

b-tagging techniques rely on:
- impact parameter significance of decay tracks associated with the jets

- primary/secondary vertex separation

- Jet probability
- targeting b and ¢ semileptonic decays (pT lepton or IP)

Tagging efficiencies for b jets of the order 88% - 100% with ~10% systematic error

Wo MET and Z veto

T T
CMS Preliminary
3.1 pb” at \5=7 TeV

Events with ee

CMS Preliminary
3.1 pb™” at \5=7 TeV ® Data
Events with eefuplepn Wz T

CMS Preliminary
3.1pb” at Y5=7 TeV
Events withpp

Events
Events

Events

[z —tt
[l Single top
Cvv
Cw—=lv
Mt signal

10’
ee+X

Hu+X

0 1 2 =3
. >
Number of b-tagged jets 0 1 Numbef of b-tagg_ecaijets

0 1 2 =3
Number of b-tagged jets

Using a b tagger based on the IP significance and a loose working point

To be tightened as luminosity increases to improve purity of b-tagged jets



Events

12

10

Xsec In dilepton channel

CMS has perform the first measurement of the cross section for Top-
Quark pair production in Proton-Proton Collisions at Vs = 7 TeV

Sobs S obs

tt  — it _
gdata_gtheorySP-Sexp — e, . A

e Simple counting experiment
e Signal includes t->W-Iv where | = e, 4, T—e, u

> After full selection

| |
CMS _
3.1 pb'1 at \\s =7 TeV
Events with ee/upu/epn

////////

| |
® Data

I (T signal

I Z/y*—I'I prediction

Caziy =

& [ Single top

C_Jw

[ Non-W/Z prediction
Bckg. uncertainty |
NS

3

>4
Number of jets

Events

T T T
10 cwms @® Data -

31 [:)b'1 at \Js = 7 TeV B tfsign;“

Events with ee/pji/e Bl Zy T

gl [ Single top _
- (1w .

R W—lv .
6 [ ® ("] b-tag uncertainty|

0 1 =2

Number of b-tagged jets

Jet b-tagging not used in
this measurement but
already apply: great
background reduction

Will be apply in the cross
section measurement
With the full 2010 statistics.

15



31pb” Xsec in dilepton channel

Uncertainties
v Dilepton efficiency: ~ 4.4% (all channels)
v Energy scale systematic is derived by scaling jets and hadronic component of MET up and
down by 5% ~ 3.7%
v From theory (ISR/FSR and decay models) are derived by running on various monte
carlo samples ~ 1%/2% (from PDF < 0.1%)
v Backgroudn stimations: ~ 15 %
Branching ratio ~ 1.7%
v Luminosity: ~ 11%

AN

Final result

o(pp — tt) = 194 4+ 72(stat.) &+ 24(syst.) £ 21 (lumi.) pb.

Expected cross-section from NLO theoretical calculation for a top mass
of mt=172.5 GeVv
+23.2

arXiv:1010.5994v1 [hep-ex] 28 Oct 2010

Alredy accepted in Physics Letters B :



3.1pb" Sensitivity to the Top Mass

Use two independent methods to calculate the top mass for events passing
our selections

Events /(20 GeWc2)

— Both methods used at CMS: numerical solutions to the kinematic
equations of the ttbar decay: 2 b-jets, 2 charged leptons, 2 neutrinos

I|\III|IIII|I\II
CMS

31pblat \s=7TeV

Events with ee/jip/e

5 A Data MWT

L ® DataKIN

= L All simulation MWT 1

C All simulation KIN ]
3 :_ AAG Background MWT ]
I Background KIN

100 150 200 250 300 350 400
Reconstructed top mass [Ge\ch]

Compatible with top mass:
CDF+DO0 combination : Mtop =173.1 £ 1.3 GeV/c2

Matrix Weighting Algorithm

System solve for a range of top quark mass values
Assign weights based on the likelihood of each
solution.

Mass with the largest weight is the mass estimator.

Full Kinematics Analysis (KIN analysis)
Additional equation for the longitudinal imbalance of
the ttbar system.

Assumed is not top mass dependent - take it from
simulation

Top mass — the mass value with the largest number of
solutions

17



* Channels: e+jets, u+jets

Lepton+dJets Selection

b-jet

Ask for exactly 1 prompt, isolated electron
(muon) of good quality

Very similar selection of e,u as before, but
x tightened ID requirements and isolation:

Y
S BX
.

* Rel.isol. < 10%(e), 5%(u)
due to larger backgrounds b-jet 4%
x  p{e)>30 GeV/c
x p{u) >20 GeV/e, || < 2.1 * Count additional jets
Do not apply (yet) any requirement of x anti-k; jets, R=0.5
significant missing transverse energy x using calorimeter info
(MET)

x |n| <24, p.>30GeV/c

> 4 jets is typical for ttbar

18



Events

10°*

10°

10°

10

0.84 pb’

L+Jets Channel

e + jets channel

QCD multi-jets

0

1 2

3 >4
Jet multiplicity

3 >4
Jet Multiplicity

Jet multiplicity ttbar singletop | Wtjets Z+jets QcD Sum MC Data

N,.20 12+ 2 || 3404 | 2619+317 | 180+21 | 658+73 ||3472+326 | 3434

N 21 12¢2 || 3104 | 419+77 | 911 | 43662 || 962:99 1022

N, 22 112 19403 | 74+18 19+5 85+ 22 191 +29 183

N,.23 89+18 |[070+0.14 | 13+4 33+10 14+5 40+7 43

N.. 24 48+12 |[021£006 | 26+11 | 060£023 | 23+1.1 11 +2 13

U + jets channel

Jet multiplicity ttbar single top W+jets Z+jets QCD Sum MC Data

N2 0 1313 42104 | 37081448 | 192429 | 22325 || 41401450 | 4142

N 21 1343 39:04 | 552106 | 42+12 79+17 || 690+ 108 789

N, 22 1312 23303 | 9124 | 71144 1043 124 1 25 153

Ny 23 1042 || 0.82:015 | 1645 13:09 | 13:05 2945 40

N, =24 56+14 || 024:006  31+12 | 025018 | 0.15£0.07 || 9.341.9 11
- cm$ Prelimina:“y ' _._‘ . 0 5 T 1 | | |
T I L
g  C1/61S moo +jets musr 1 ~50/100% on
E ’ - - QCDfrriets uncertait 102 823 uncertainty_i QC D data'
3 " - driven
= ftbar : estimation

19



Background Estimation in L+Jets

Estimate of backgrounds with fake isolated and prompt leptons from data

CMS Preliminary 78 nb™ at™fs = 7 TeV

—1Ufﬂ}?ﬂ-|----|- TPTTTRITETT ] I""I""I"";I
“ABCD” = soof U+ je’[s o0 ..9”%7"'.%':.‘11ﬁ'.“.“.'?:'?.".'.'r?:;'-“ 15
method T—’Qannf— . de >0 uwf aco | :5
B 700E- w—ly 8™
with 2 ~ 700} - 25
uncorrel. s} -
variables F simulation {1,
Sﬂﬂ: *|  2o0f 1
s00f | ool 2 1708
- % 0.102030405060708098 1 °
300 _ I He‘\aliv; Isolation
znnfl' —— — :
signal 100fg ;3 ; e B -
region A A R R A AR I AT
0 0.10203040506070809 1
u Relative Isolation
ABCD | 57+29 @ 30%15 } with more data...
Rel. isol. fit 7+4 6+3 Now, we assign
Simulation 21 +2 7+2 100% uncert. on
Ngp In p+jets
e + jots Na20 o Na21 0 400% is OK, as
Rel.isol. fit | 70485 | 44%22 = o~ S;all - l’\|>4)
Simulation 637 42 + 6 =

Events /0.05

Events / 0.1

———
500 cms Preliminary
78 nbat \Js =7 TeV

400

300

200

100

Fit & extrapolation to signal region:

U+ jets
N.

Jet

>0

—— Data

— Landau fit

----- Extrapolation 7

B i
Wy

W 2yl

C1acb

112

Relative Isolation

N

CMS Preliminary

78nbatys =7 TeV

e + jets

jet

> 1

—+— Data

— Exponenatial Fit

<= Extrapolation

M
B w—n
| Ei

|:| QCD & y4jets

1 1.2

14

1.6

Relative Isolation

20



0.84pb" e+dets Channel

N (jets) >=0 N (jets) >= 1 N (jets) >= 2

% 1200 __ICM‘IS brlellirﬁir{a;yl I P e Datal rrT ] E 300 :_ICM.IS brlellirr;irlnanl*y' T T _|._' D'am' | _: (?3 50 __ICMIS brlellirr;ir'lla;yl LI B B B B |_|._| D;I; —— .__
O - 0.84 pb'at\s =7 TeV - C 0.84 pb” at\s =7 TeV ] - 0.84 pb™ at\s = 7 TeV .
0 o I ¢ 1 w E ot Bl « 1 o E ot I « .
- etets, N =0 . etjets, N =1 L etjets, N =2 ]

% 1000~ Jots [ wov - @ 280 Jets ] wo 0 T 40r Jets ] o -
*E L N ] g C B 2t 1 e B Bz ]
g 800 — [_] acDir+ets ] g 200 [ ] QCD+jets - g C [ ] aCOi+ets _
w N QCDiy+jets uncertainty_| w r %ij/&/ QCD/p+jets uncartainty | w 30— QCDY+ets uncertainty_|
00— —_ 150 7 = - ]

C ] i ] 201~ .

C ] - ] 10 -

200—; — 50 — :

) . I e B Ju_as oL TN E o e L 1 + I "E

% B 0d 120 140 % 20 40 60 80 100 120 140 0 20 40 60 80 100 120 140
Missing transverse energy [GeV] Missing transverse energy [GeV] Missing transverse energy [GeV]
N (jets) >= 2Missing ET (hard to get right, important for any top quark measurement)

'35’ 600--CMS Preliminary '~ L T ?;’ 180 CmS Prefiminary ' T, o T X g CMS brelminary T T
[ C 0.84 pb" at\s =7 TeV ] @ 440084 pbat\s = 7 TeV 1 C 0.84 pbat\s = 7 TeV - ]
Q Cetjets, N_ >0 I ] O] CeHets, N_>1 B « 1 © " etjets, N >2 f ]
500 et [ won = 0 4o0F Jets ] won 3 w25 Jets ] wesv -
7 E Bl ] E C Bz ] :é‘ E I 2 ]
'g 400 [ ] acDi+jets - c 100F [] CDyjets 3 = 20 [ oCDip+jets 3
g_-) C QGDiy+Jets unertainty | g ] QCDk+jets uncertainty] L% E OCDOir+ets um:ertainty;
W 3001 5 M e E 5 -
E ] 60k _: i N

200F = . 10 E

u ] 40 = ]

100 & - 20 E 5 =

. TR S o O~ "20 40 60 80 100 120 140F;

% 20 40 6 80 100 120 140 0 2 40 60 80 100 120 140 W) (GeV/?
M{W) [GeV/&] My (W) [GeV/d] M(W) [GeVid]

Mt(W): transverse W mass (calculated from lepton+MET)
Error band: 50% on QCD 21

(from data-driven methods)



Events / 5 GeV

084pb' H+dJets Channel

N (jets) >=0 N (jets) >= 1 N (jets) >= 2

—

Events / 7.5 GeV/c?

= T T I | .u - T 1 T T T T T = > 120 [ . : ] -' : U LA | LA | L 0 L = > L T T .1 . T T 1 L T T L T T T =
- CMS Preliminary Data 1 @ L CMS Preliminary —e— Data T E_CMS Prel o =
1000[-0.84 p& st \8 =7 ToV ; ﬁa g = [ 084 plr_at Ny =7 Tov 6 ﬁa 1 & *FGsapbiatvs=7Tev - gm E
- nl | W+ > 2 o E i =
B njets, ijs2 0 0 Wolv ] = 100+ 1858 Neow® I wolv 4 [VE 35; S, Njet:s2 - Cwshv =
800 - B Zy 1T _ *s' B B 24T ] P 30 Bz _f
: [Jacop 1 2 8o [Jacop 15 g [Jacop :
aool QCD uncertainty| - QCD uncertainty| 7 29F 7 QCD uncertainty ]
2 E 60 B 200 =
400 - 40k - 15F- =
: . s i 10F- =
200_— ] 20 =1 57’ =
) . . 0 = O T e | R e [
0 20 40 60 80 100 0 20 40 60 80 100 0 20 40 60 80 100
Missing Transverse Energy [GeV] Missing Transverse Energy [GeV] Missing Transverse Energy [GeV]
m |C|M|S Ipl ||‘ T bI T T T I T T T T T T I T T T I T T = No - fClMls ]p;‘ellir;1i;131ryl T | T T T [ T 1 T [ L T '| T T T '| — No 50 — ICIMIS |P| l| T '| T T T '| L T l T T T I T T T | T T T '| 3
reliminary —a— Data = =& B —=— Data 4 = =, reliminary - D ]
0.84 pb™'at Vs =7 TeV O e 3 2 b 0.84 pb'at Vs =7 TeV B 1 2 - 0.84 pb'at Vs =7 TeV — ™ .
800 p+jets, N >0 tt = @ - uHets, N >1 1 ® C pets, N >2 % =
jets ] Wolv i o 100F jets O wotv d o 40 Jets O woly =
700 B 2y I = & + Wz 1= C W zy - ]
600 [Jaco 3 E 8ol [Jacp J = E [Jaco N
500 ~77] QCD uncertainty 3 5 B 7771 QCD uncertainty _| 5 30— 7] QCD uncertainty_
= 2 11 & B ]
o 3 o eo- - W - * + ,
3 Cy ] 20— o
300 = 40 ?‘l ' ] o ]
200 3 7 ] = ]
E 20 = L a
100 3 ] :
iy e | L1 — E PR Ll i1 J L — i Y P i e |y TR -
% 20 a0 60 80 100 120 140, % 20 40 60 80 100 120 140, % 20 4 60 80 100 120 140,
M (W) [GeV/cT] My(W) [GeV/c?] M (W) [GeVicT]
. . . .
Excess in data at low energy compatible with QCD Error band: 100% on QCD
underestimated by a factor 2 (from data-driven methods)
« Data slightly above background estimate also at higher 2

energy: expect significant uncertainties from JES and theory



Events

Lepton+dJets Distributions

Xs extracted by means of binned likelihood _
template fits to discriminating variables (M3, - Very soon to be publish the top

M3’, n(p)) quark pair cross section and top
mass measurements in the
M3: M; of the . lepton+jets (aso in dilepton )
three-jet system ‘Z pT(J e)‘ channel with the full 2010
that maximizes jii luminosity: > 35 pb-1

Events with >1 loosely tagged jet

102k

" CMS Preliminary e Duta ‘g 10° ;—Cl\ﬂé Preliminlary B Data -
[0.84pbTatNs=7TeV  mmgq O  fo84pblatys=7Tev Wt 3 i
_e+jets, Nb.ta9521 E:Vc;:)(:igﬂjels) A Ll , [ +jets, Nb-tag521 EE(C;:{X'QHU ® ] Apply b'tagglng tO the
3 ol vioex ] 10° e 3 j€1s to clean up the
I 211 ¢ ghtjets) ] - . .
Dloconson ] oo oy 1 Sample:
7] QCD uncertainty - 10E |
10E 4 - i (here used secondary
- . vertex b-tagger)
1F e+Jets 107k
1 2 3 >4 1 2 3 =4 23

Jet multiplicity Jet multiplicity



Prospects Iin top quark studies

Many analysis on the pipeline of CMS to cover top
quark physics and beyond, but | will not be able to
cover everything in this talk...




Single top production

Production modes: t-channel, s-channel, tW ! T d v

Smaller xs and large bkgs = more sophisticated W { "

methods needed to extract the signal b t b
g b

t-channel (largest xs) :
- Signal: 1 isolated lepton, MET, 1 light forward hadronic jet + 1 b-jet
- Bkgs: ttbar, W+jets, Wbbar+jets, QCD mutijets (data-driven methods)

CMS Preliminary L = 200 pb

Prospects for t-channel cross section
measurement at 10TeV @ 200 pb"

Analysis strategy :
» Xs determined by the angular correlations of the top 20
decays and performing a binned likelihood fit to cos8l;

.l-chan.
th

D s-chan.
[w
Blw

I viight
[Jvaa
D We

W oco

o pseudo data

events
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Ac/cr = +35% (stats) £+14% (syst) +10% (Ium)
Sen5|t|V|ty of 2.70 can be achieved 0,

Expected single top cross section measurement in

the t-channel using the full 2010 luminosity. s




Search for Resonances decaying into
Top Quark Pairs

100 pb’ @ Vs = 10 TeV
Top quarks originating from a decay of 4 7 d
a high mass resonance are boosted
— different event topology than in SM. _ 2

Special reconstruction and selection methods
required for “boosted tops”

semileptonic final state with a muon

z' El:ala:l to CrDEE—SEEtIOﬁ{tthF} {l 2|:| T T T T T
o CMS Simulation - [ : ,
%—- 250: I 1 Er CMS Simulation
. . — Z( 750 Ga 1 2 —
If the new exchange particleis S zmwewn || E O :
. . . Tp] Z'{1500 Ge = L
heavy and narrow, the distribution ©2%° ;z-ﬁmmﬂ ] A ;
. . w Z 4 jots | A =
of the invariant mass of the top € 150} T B S ]
' . sermi muonie ] [ " 7]
quark palr SyStem WIII ShOW Lﬁ -nnn:lrrimunr:ﬁc it | |:| |-— i & i I _-
N N . i ]
resonances. 100 = i
0.0sF -
e . ] o | I B IR A R
500 1000 1500 2000 2500 ““ha 06 & 1 12
m,_ (GeV/c?) ' ¢
i Generated m, (TeVic')
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Conclusions

The success of the CMS top group results speak to the
success of all of CMS over the last 20 years and the
great performance and understanding of the detector!

= With only 3.1 pb-1 we have produced the first measurement of
the top quark pair cross-section at Vs =7 TeV

v with a center of mass energy a factor of 3.5 higher than ever before seen
inalab

v we are probing new production mechanisms (gluon-gluon fusion vs.
quark-quark at the Tevatron, proton on proton vs anti-proton on proton)

We have shown that we are ready for not only SM
physics, but also what may come ahead
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Coming very soon ...

" New results using the full luminosity recorded by the CMS
~ experiment in 2010: \
L > 35 pb -1

More precise measurements:

- Mass and top quark pair cross section production both in the
leptonic and semileptonic decay channels

- also profit from a better understanding of the jet b-tagging

CMS is already ready to continue top quark physics
program next year at Vs = 8 TeV
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Backgrounds a Mb

// - \\
/ N\
\

Events with real W or Z bosons
W+jets

Z+jets / l

WW, WZ, ZZ 7 W N y

Events with misidentified leptons
Multijet events with a jet misidentified as an W+jets
electron
bb+jets with a misidentified electron or muon w*
from a b decay W LV

Miscellaneous sources q b .
Cosmic rays, multiple pp interactions, : < - (jet)

/ b

pattern recognition mistakes, etc.

2 For most tt decay channels, processes with a real W

boson and real b jets are the most difficult to remove o
+jet

2 |dentification of b-quarks through secondary vertex
is a critical point to reduce backgrounds 31



uu +Jets Candidate Event (from July 18)

VS s it o \ Event passes all cuts of full
{2 | \ ,
e, selection:

— ) | 2 muons with opposite charge

b-tagged jet

pr=45GeV/c,n=-1.2, ¢ = 0.9 2 jets, both w/ good/clear b-tags

\ \' \ (and secondary vertices!)

) \
H significant MET (>50 GeV)

b-tagged jet
pr=56 GeV/c, n = 0.7, ¢ = 0.0

U pr=57GeV/c,n==-14, ¢ =-2.1 // ﬁ
4 5 -0.3 -0.2 -0.1 0

i wemtieve S o o gt

s 2®aryl Vertex 0s
\ / 60 ellipse

0.2 4 0.2 3

\ [ ] /
| 1 | 5 0.1 '/ E
> 0 /:/';'_t = 0 3
m(up) = 26 GeV/c? / ;
-0.1 -0.1 —
Preliminarily reconstr. mass is in the range 160— 5
220 GeV/c? (consistent with m,, ) o *23




u+Jets Candidate Event (from July 14!)

CM CMS Experiment at LHC, CERN

5 Data recorded: Wed Jul 14 03:32:41 2010 CEST Event passes a" CUtS

.| Run/Event: 140124 / 1749068

T —— of full selection

1 high-momentum muon
significant MET > 100
mAW) = 104 GeV/c?

4 high-p- jets,
one of which with good b-tag

( S CMS i Lat LHC, RN
B ., Dala dad. Jul 14 03:32:41 2010 CEST
A RunfEvent: 140124 1 174
=7 1 Lumi section” 3
I Jetp = 56.6 GeVic, n =0.389, ¢ =2.38
, s o
I - N
T| o
| e
i
B

:

£l
Jet p; =43.4 GeVic, n I.827, @ = 87
X, =119.0 GeV, ¢ =0.010 Jet p, = 152.2 GeV/c, n = 0.354, I-z.1 |

b tagged Jet
,=82.2GeVic, n =-1.79, ¢ = 1.03

30.6 GeVic, n =-1.6T%p = -

reconst. top mass around 210 GeV/c?

masses of 2 untagged jets (3 possible
comb.): 104, 105, 151 GeV/c?




Discriminator: IP significance

B-tagging at CMS

“Track counter” tagger

of the nth track

Entries/0.6

Datalsim

CMS Praliminary 2010, *-.,3 Ta ,L=igsmk?

1P -|-Da1a
W Sim.light)
10 Bsim.icharm)

Bsim. bottem)

IIII]‘ IIIIII.‘ L1l IIIIJ .IIIIII] 1

TTETTITLINE 'I*+}*i*}tlllt* .......

S k- e i ke S N S S Y N s :': i 1

TGHE Discriminator

o & T IR T R T —T

Entries/0.14

Data/Sim

Secondary vertex tagger
Discriminator based on 3D
flight distance

'ZME Praliminary 2010, “s=7 Tﬂ‘ L 15 nb
T LR LR LA T

- +[Jata
S0t P zim.fight)
an00 Qsim.icharmy

- .Eim.ll::--:-li-::-n'n} -
ﬁm__ —]
2000 =
1500 —
1000 —
500F —

I: ""'F'*:I'!*""'*fl*fillill I"] ""..".".”_.é
056 r] ....... t— it E

= 1 : 3 4 Eé |
S5V High Eff Discriminator
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