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Motivation

* Top physics

* Can give hints for EWSB.
* Top mass is the heaviest SM particles.

* Indirect search for Higgs and new physics.

* Test of Perturbative QCD through precise measurement
* direct access to fundamental SM parameters.

* Main background for new physics
* possible deviation due to new physics
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* Single top production

q' q b W
q t
W w+ ¢
b t * Top decays
g . ' b t

g

t-channel s-channel tW-channel

o(7 TeV)~64 pb 0(7TeV)~4.6 pb  G(7 TeV)~15.6 pb

Kidonakis, NLO+NNLL O @
t-channel: PRD 83 (2011) 091503 3 :T)'go\ [2) Il hadroni
s-channel: PRD 81 (2010) 054028 o~ _ 0 i)_ a (jtst;)mc
tW-channel: PRD 82 (2010) 054018 — .g_i, — .
()
Q —
* Top pair production A
q ! g et t 2
g i g . eT/uT T+jets
lt m
i D TTTITIT i lepton + jets
q | : | (~15%)

NLO (MCFM): 158 pb _
approx. NNLO: 163 pb Br (W) =2/9:1/9:6/9

Kidonakis, PRD 82 (2010) 114030
Langenfeld, Moch, Uwer, PRD80 (2009) 054009
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Physics Objects & MC sample

Muons n| < 2.4 (2.1), Particle-based isolation

Electrons |n| < 2.5, (veto 1.44 < |n| < 1.57), Particle-based isolation

Taus charged hadrons + calorimeter informations (HPS algo.)
Jets Particle-flow” jets ( Anti-Kt with dR=0.5 ), pt > 30 GeV
MET opposite transverse direction of vector sum of all particles

* Top signal sample
* MadGraph with matrix elements up to three additional partons
* POWHEG for single top production.
* ME are matched with Pythia for Parton showering (PS)
* Top mass 172.5 GeV

e use NLO [57.5 pb for normalization.
* TAUOLA for tau decay

“Combines all information from all sub-detectors and reconstruct all particles:
charged hadrons, photons, neutral hadrons, muons and electrons which are used for
jet and MET reconstruction as well as for isolation requirement.
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Lepton+jets

* Binned profile likelihood fitting TOP-11-003

* Fitting to secondary vertex mass distribution in | b-tag and 2 b-tag jet bins
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e W + jets Q?
* b-tagging efficiency
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CMS preliminary, 1.14f6" 3 3°
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¢ Event Selection

* Two opposite sign isolated
leptons pt> 20 GeV

* Mi>12 GeV & |[My-91|> 15
GeV (ee/p|)

* At least two jets pt > 30 GeV

* MET > 30 GeV (ee/PW)
* One b-tagging

jet multiplicity

* Counting method

* BLUE (Best Linear Unbiased Estimator)
method for combination of three decay modes

0=169.9+3.9(stat.) 1 6.3(syst.)£7.6(lumi.)pb

ICFP, 15/06/2012

b-tagged jet multiplicity

7

* Data-driven way

* Lepton efficiency
e DY and QCD

TOP-11-005
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* Tau identification (hadronic tau decay)

* Hadrons plus strips (HPS) combining charged hadrons and EM particles in strips
in calorimeter to take into account TT°

TOP-11-006 (muon+tau)

Ns=7TeV, 1.09 fb' CMS Preliminary
IIII}HII|IHI||||I|I||||I\II|IJH|III\‘IIII_

\'
o
T

(o]

o

T
\

* tautlepton decay mode
* H* (<top mass) can contribute.
* Data-driven background estimation

* The jet can fake tau jet — fake rate.
* Take average over two estimates from
* QCD (gluon jet) + W+jets(quark jet)

—e— data 4
B tt— ptbbww
[ other tt —
I W+jets ]
[ Single t
[_IDY+jets 7
Il Diboson

Events / (15 GeV/c?)
N w HoN (@)
o .OHH?..H?H.

—
L L L

0 50 100 150 200 250 300 350 400 450

_ . M, [GEV/CY]
0=148.7123.6(stat.)£26.0(syst.)£8.9(lumi.)pb TOP-11-004 (tau+jetS)

* tautjet decay mode (not for combination yet)
* 4 jets are required.
* QCD background is from data. o
* NN method O e
0=156x12(stat.)+33(syst.)£3(lumi. )Pb I
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TOP-11-007

* Branching ratio is large ~ 45 %

* suffer from large multi jet background
* Event selection

* 6 jets are required

* at least two b-tagged jets
e QCD contribution from data

* scale factor from non b-tagged jet sample
(more than 6 jets) to b-tagged jets as a
function of pt and n.

e Uncertainty mainly from
* b-tagging
* jet energy scale
* background estimation.

0=136x20(stat.)+40(syst.)£8(lumi.)pb
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* All possible decay channels are combined.
* Binned Likelihood fitting method.

* Take counting method analysis (dilepton)
and unbinned analysis (hadronic decay) as
one bin.

* Blue method is also used as cross check.

00/0 = 8%

0 = 165.8 £ 2.2(stat.) £ 10.6(syst) £ 7.8(lumi.) pb

T T— ———
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CMS Preliminary \'s=7 TeV

TOP-11-024

R eereerrrrrires)

CMS 2011 combination
TOP-11-024 (L=0.8-1.1/fb)

CMS e/u+jets+btag
TOP-11-003 (L=0.8-1.1/fb)

CMS dilepton (ee,uu,en)
TOP-11-005 (L=1.1/fb)

C
CMS all-hadronic
TOP-11-007 (L=1.1/fb)

CMS dilepton (ur)
TOP-11-006 (L=1.1/fb)

[ Approx. NNLO QCD, Aliev et al., Comput.Phys.Commun. 182 (2011) 1034
Approx. NNLO QCD, Kidonakis, Phys.Rev.D 82 (2010) 114030
[ Approx. NNLO QCD, Ahrens et al., JHEP 1009 (2010) 097

C—1 NLO QCD

166+ 2+11+ 8

(val. = stat. = syst. + lumi.)

164+ 312+ 7

(val. = stat. = syst. + lumi.)

170+ 4 + 16+ 8

(val. = stat. = syst. + lum)

136 +20+40+ 8

(val. = stat. = syst. = lumi.)

149 +24 + 26+ 9

(val. = stat. = syst. + lumi.)
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TOP-11-013

CMS Preliminary, 1.14 f5' at\'s=7 TeV

* Test pQCD in all kinematic variables of g A RA AL A
lepton, top quark and ttbar system. & _ MadGraph
* Sensitive to new physics. ??!3’70‘2; PO A
* Dilepton and lepton+tjets
* Normalized differential cross section. 10} e
Ldo' _ 1 Ny~ Nie S
cdX ~ o ALeL e

CMS Preliminary, 1.14 fb™" at\s=7 TeV

S I R L B R I IR
[ Dilepton Combined e Data 1
— MadGraph
~— MC@NLO -
— POWHEG -

¢ Full kinematic reconstruction or four
momentum sum (dilepton M)

* Bin by bin or SVD unfolding method
* Unfolding at parton level
* Systematic uncertainties
* shape uncertainties : _
* hadronization uncertainty 1o_$\\_

50 100 150 200 250 300 35% 400
["and I e
P [ c\q
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Differential cross section

CMS Preliminary, 1.14 5" at\/s=7 TeV
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* Top quark distribution - Excellent agreement!
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TOP-11-021
¢ Event selection

* one isolated e (pt > 30 GeV) or U (pt > 20 GeV)

°® 2 jets’ MET > 30 Ge\/’ |r]| < 50 T-chlanrl'nel Isingle Itoplqularklpr?dulctiﬁn |

Py one “tight” b'tag CMS preliminary, 1.14/1.51 fb" i
* transverse Mw > 40 GeV

* Extract signal from a fit to angular
distribution n of light jet (forward region) 10

o [pb]

2 v DO, 5.4 fb™
10 °

A CDF, 3.2 fb’!

_______ NLO QCD (5 flavour scheme)

== theory uncertainty (scale @ PDF)

CMS pre||m|nary, 1 1 4 .I:b-1’ MUOI’IS,\F — 7 TeV ? Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042:
'% :IlllllIlllllllllllIl”lll””lll”l”lll””l”ll; -o- data 1__ NLO+NNLL QCD —
Lﬁ 350 _E .t-ChanneI ; { Kidonakis, ;’:jz?{/et\j.rllc::(a;;:il)((j’:ll;@ o ;
- = -

S00F 5 Bttewes 0 Z 4 6 8 10

- 1 BEwK
500 B = 0 _ap. = 70.2 £ 5.2(stat.) =+ 10.4(syst.) £ 3.4(lumi.) pb
00 - cl | yst., ) P

150
100 * Direct measurement of |V
50 N | Ot—ch. ,
- V| = \ —r = 1.04:£0.09 (exp.) +0.02(th)
........ n | “t—ch.
% 05 1 15 2 25 3 35 4 4.5 5 - -

J

ICFP, 15/06/2012 13 Tae Jeong Kim



¢ Events selection

* similar to dilepton event selection.
* second b-jet is vetoed.

* requirement on pt of system (< 60GeV)

¢ Use maximum likelihood fit

250

200

events /2.1 fb™
a1
o

o
o

|II‘I|IIII|IIII|IIII|I

50
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CMS Preliminary\s =7 TeV | ® data =
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-'-------

M it l
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I Other

P, system [GeV]

* Observed significance = 2.7
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TOP-11-015
* Muon+tjets
* Likelihood method considering all jets permutations and b-tagging information.
* Top quark mass and JES are obtained simultaneously.
* b-JES uncertainty is dominant.

5111; (GeV) 5]ES

CMS preliminary, 4.7 fb™, \'s=7 TeV

CMS preliminary, 4.7 fb™', \'s=7 TeV
[T T | T T T T I T T T T T

%J - I i correct —a0 ] O 25 Calibration 0.15 0.001
g 1000 - % g ‘l:v;;na%ched E é\.%!é top _: uﬁJ o . b_tagging 0.17 0.002
B i tt uncertainty  —e— Data (4.7fb") 1 1 02 ................... —20 0.66 0.000
£ 800 S pr- and r7-dependent JE 0.23 0.003
2 [ / e R N 15 Jet energy resolution 0.21 0.003
c 600¢ B l Missing transverse energy 0.08 0.001
'% i 1 \ B 10 Factorization scale 0.76 0.007
E 4001~ i ME-PS matching threshold 0.25 0.007
= [ 0.90 FREEEEE—., = 8 Non-tt background 0.09 0.001
o o E é > Pile-up 038  0.005
= onen - 0.98 PDF 0.05 0.001
@ 100 200 300 400 170 172 174 176 O Total 1.18 0.012

m{” [GeV] m, [GeV]

my = 172.64 £ 0.57 (stat+]JES) £ 1.18 (syst) GeV
JES = 1.004 = 0.005 (stat) == 0.012 (syst)
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* Reconstruct the top quark using KINb method.
* based on energy-momentum conservation.

* To find solution, z component of ttbar system is varied.
* The lowest invariant mass when the two top masses is less than 3 GeV.
* Fitting to reconstructed top mass with signal shape linear functions of m..

120 140 160 180 200 220 240 260 280 300

Reconstructed Mass [GeV/c?]
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TOP-11-016
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C _ 1.24 2
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4 —— Combined
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2k
1.5
1
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Top Mass [GeV/c?]

Myp = 173.3 & 1.2(stat.):§°

|6

168 170 172 174

Source Amio, (GeV/c?
JES 0
flavor-JES '

M\ .. U
LES | 91
Unclustered EF*** + 0.43
Fit calibration + 0.40
DY normalization + 0.40
Factorization scale + 0.41
Jet parton matching scale + 0.65
Pile-up + 0.19
b-tagging uncertainty + 0.30
mis-tagging uncertainty +0.43
MC generator +0.14
PDF uncertainty + 0.39

Total f%gg

o

(syst.) GeV/c?
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Mass combination

.. : TOP-11-018
* Combining four results from dilepton
and lepton+jets in 2010 and 201 |.
e Use BLUE method for the combination. S FYA—YNoT o
. . e ————
e The we|ght goes to the |epton+]ets CMS 2011 dilepton 1733+ 1.2+ 2.5
Channel PAS-TOP-11.016 (L=2.2 ") (val. = stat. = syst.)
* Competitive with Tevatron result cms20tiuties T 1726204213
. R PAS-TOP-11.015 (L=4.7 5" (val = stat =+ syst )
e Towards LHC and world combination
IN process. CMS 2010 I+jets 1731421427
PAS-TOP-1000% (L=38pb ) (val. = stat. £ syst.)

Top-Quark Mass [GeV]

» . ‘
cOF J 7954100 CMS 2010 dilepton 1755+ 4.6+ 4.6
R JHEP 07 (2011) (L=36 pb") (val. = stat. = syst.)
D@ - 1749+ 1.4
. g
Average ¢ 173.2+0.90 CMS combination 1726+ 04+1.2
1 1DOF: 6.1/10 uptol=47 " (val. = stat. * syst.)
LEP1/SLD i 1726 1%
LEP1/SLD/m,, /T, . 179.7 7 l | | |
160 165 170 175 180 185
160 170 180 190 m,, [GeV]
mt [GeV] March 2012

Miop = 172.6 £ 0.4 (stat.) £ 1.2 (syst.) GeV/c?
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Cross section

Top mass from

* The cross section, O depends on MC top
mass.

* Therefore, we can extract top mass from
cross section measurement.

* Used cross section is from dilepton decay
mode.

* Extract both pole mass and MS mass.
* Pole mass is close to MC top mass.
* Joint likelihood fitting to extract mass.

L(me) = | foxp(Gulms) fn(ralmi)dor

* Dependence on the PDFs.
* |-2 GeV

400

200

0

TOP-11-008

- L

CMS Preliminary, Vs=7 TeV, L=1.14 fb"

|| Measured cross section dependence on m"
t

approx. NNLO x MSTWO8SNNLO:
I Langenfeld et al.

Kidonakis

(] Ahrens et al.

Measured cross section <z
Cross section corrected for mP*'® (Langenfeld et al.)
t

c

140

180 190
mP°'® (GeV)
t

150 160 170

The theory errors —scales, PDFs and s (mz)

e Extracted top mass not Approx. NNLO x MSTWO0SNNLO | m!*® / GeV | mMS / GeV
competitive with the direct Langenfeld etal. [7] 170.37¢; | 16317¢%
P Kidonakis [8] 170.0*_’?? _
measurement. Afirens et al. [ 167677 e

ICFP, 15/06/2012

Tae Jeong Kim



arXiv:1204.2807

* CPT appears to be conserved in nature.
* The mass of any particles must equal that of its anti-particles.

* | eptontjets channel.
* Split the sample according to the charge of the lepton.

e Kinematic fit is used.
* the same method for top mass reconstruction .

e World’s best measurement so far. Amy = —0.44 4+ 046 (stat.) £ 0.27 (syst.) GeV

T

—
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0 X ] i) X
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>3000 : _: 93000 : .......... _-
L - 1 W - ]
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Q 14f Q 14 * YR N
fge K seeetececenes mmm ++ H } %‘a K tesssesseset®ensry ity *++*++ m
© 0.8 ++ + o 0.8 + + +
i N T N g 0 06kl A
0 100 200 300 400 500 600 700 eoo 900 1000 0 100 200 300 400 500 600 700 800 900 1000

Fitted top quark mass (GeV)
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FCNC search

TOP-11-028
*t = Wb ~100% in SM

* BSM enhances t = Zq
* Event selections
* three leptons (pt > 20 GeV) veto on fourth lepton
* two jets, MET > 30 GeV
* Mz, Mw;j near top mass
* b tagging or HTs
* The branching ratio of t = Zq larger than 0.34 % is excluded at 95%.

IIIII | L~ e 'I I I'I I I Ph | rrrt | H ' L I*S L I- I | H 1 T T T T T T T T T T T T T T T T L = T T T T T T T T T T T T T T T T T
25~ CMS Erehmm_ary =Z_/{ R E CMS Preliminary ~ + EHZYSIT 3 5- CMS Preliminary = DZv-IT -
- 467 at\Ns =7 TeV , ) " s46fb'atNs=7Tev Mg . [ 46fb'atNs=7Tev Mg
i D WWwz/zz | 60 : . Clvv & B Cvv
201~ [ single-top ]| - ] [l Single-top - 4~ [l single-top ]
i [ ]t>2q (Br1%) - 5 [(Jt->2zq (Br 1%)] - [Jt->2q (Br 1%)]
. i 4 ] B .
10 . 3F : of
i (c) i u i
i ] 2r i
5 | | E 1 e o 4 4 r
: 4o ‘L ] 1 ' 1
. == o B ===~ - = i VR AR NP B B ol s o e
Di_ﬂ AT T T T A I umm.:..:.duﬂ =
05435500 300 400 500 600 700 800 900100c 00 150 200 250 300 350 00 150 200 250 300 350
HT [GeV] M, [GeV/C¢] M, [GeV/E]
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* t—=Wb ~100%

* Event selection
* Two isolated leptons
* MET > 30 GeV for ee, Ul

* factorize b-tagging multiplicity
* as a function of R, &, &

&b, €q are obtained from QCD

two jets example : reconstructed from top quark and
selected as two b-jets. —

Pc = R%3 + 2R(1 — R)epeq + (1 — R)%e;

@ 1200
C
(<)
>
w1000
800
600
400
200
©
[0]
B 15
(0]
<
n 1
8
5 0.5

T
3 N A R B S U 7 ;093_
< - CMS preliminary 2 17 1\ “F
% s=7 TeV, f L=221fb" 52°°°i 5/0.8:—
S 4 Reogs=004 =
- o 0.7
——combined —ee = f
s 1 0.6/
@ 050
1l C
R =098 +£0.04 T
0.3
A T— T— -
- 0.2
; 0.1
T R >0.85 at 95% C.L.
885 09 09 1 105 1.1 115 ) I B R
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* Top charge +2/3.
* Assign top charge

* muons fromW + soft muons from B-hadrons
* Take into account wrong charge assignment.

* b-enriched data sample.

. Ney— Nxn
A=— ,.
Nem + Nxm

CMS Preliminary \ls=7 TeV L=4.6 fb
|

B tt u+jets(signal)
U tt e/t+jets
[J tt dileptonic
[ single top

/////////////////////////////////////
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* Exclude scenario with an exotic top quark (A=-1).
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* cosO” : angles between lepton in W rest frame and
W momentum in top rest frame.
* The polarization fraction was extracted by fitting to

data conO” distribution with two types of fitting. Ea
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.
|
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|U|—LUD
T TT

MC/data
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1| (| | (| | L 11 | 1| -I—E
02 04 06 08 .1
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CMS preliminary

2 P
* FrR = 0 and Fr = Free parameter. 041 =
Fy = 0.567 4 0.074(stat.) & 0.047(syst.) “F
F. = 0.393+ 0.045(stat.) + 0.029(syst.) oF
Fr = 0.040 £ 0.035 (stat.) £ 0.044(syst.) oo
* Used to constrain anomalous Wtb couplings. N <« N

-1 -08 -06 -04 -02 0 02 04 0.6 0.3 1
10*”q, e(g,)

Lewy = Liyy — %B[(VLPL +VePr)y" + — = (GLPr + GrPr)|tW, in the SM :Vi=1,Va=0, GL=0, Gr=0
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. | New physics in m(tt) resonance

: : : g1’ = CMS Prelimi
* The resonance decaying into top pairs s p ATy — expocted limi
. - ~ ’ 1o expected limit
are predicted by several models. T . 25 expected Imit
o =S . %eory leptophobic Z')
* Dilepton g0
: ! 2 F Dilepton
e Standard dilepton event selection. E L P
Q L
. . . o
* NN method to improve significance gL
3 -
* | epton + jets 5L
e full event reconstruction. B | o |
10 S = —
. . . . 500 1000 1500 2000 2500
* Fitting together different Njets, b-tags. M, [GeV]
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Charge Asymmetry

TOP-11-030

* CDF has already observed 3.4 sigma deviation with respect to SM above
450 GeV.

* Could be explained by possible new exchange particles in t-channel from
various theory paper.

* Charge asymmetry is sensitive to this additional production mode.
* Event selection follows I+jets analysis requiring 4 jets and one b-tag.

2 [ cMSPreliminay

o - 47fTat\s=7TeV _

> 15000 K
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L |+jets [JSingle-top _

OJW+iets
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7 N(AY| > 0) + N(A]Y| < 0)
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Charge Asymmetry

* Regularized unfolding inclusive and differential Ac

* No deviation found so far!
ICFP, 15/06/2012
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Conclusion

e CMS has produced precise measurements.
* in most of all possible decay modes
* including differential cross section
® starting to constrain theory.

e All measurements are consistent with SM
* no hints for new physics yet.

® 2012 year will be more interesting.
* more differential distribution.
* Improve to reduce systematic uncertainty.
* constrain theory uncertainty using data.
* searching for new physics in top decays.

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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