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« Introduction (discovery, object ID) will use c=1
* Top pair production at the Tevatron

e Top pair production at LHC

 (differential) cross section

* Mass, heavy flavor content, taus
« Search for top partners and 4t generation quarks today
« Search for ttbar resonances

« Spin correlation, charge asymmetry

« Single top production
* Flavor Changing Neutral Currents (FCNC)
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Top quark mass
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Top quark mass and constraints

* Top quark mass is a fundamental parameter of
the SM

— Known with good accuracy from the Tevatron:
173.2+£0.9 GeV (arXiv:1107.5255)

— Indirect constraint on the Higgs boson mass via
EW corrections

= m,=92+31 GeV or <161 GeV

H
w 'F\
".-"’ ".:\"w;‘.s

dm,ycm,? dm,,xlog my,

*Top is the only fermion with the mass of the
order of EWSB scale

*Measuring precisely m, and my,,

— Test consistency of SM
— Search for new Physics

Michele Gallinaro - "The top quark: a tool for discov
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Top quark mass and constraints
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Jet reconstruction in Top events

CMS preliminary, L 1.6 fb‘ is= 8 TeV

.

b i i 'o\_o‘ IT tal rt t
Top mass measurement needs parton information, but we & A‘,’,:o,‘:,':jic::;“’—_
measure jets € ~+ Relative scale -

. . . . . g E?(trapolation

* Use calorimeter information to correct jets to particle level 5 = Plle-up, NPV=12 -

b | L] T I S - Time stability -

b-jet Jet e S E
| ‘. ; Iy Anti-k, R=0.5 PF |

jet s FH | :" - miet|=o E

1000
(GeV)

100 200

~_,§r :. - p ~
-\ @ F

/’ ———————————— CMS_preIimmaty L=1. 6fb1 p
—~ 10p T
/&. g, ' ' >~ ' Total uncertainty E
b-jetd [N g - 9 Absolute scale E
- : € g -»- Ele:ativeI stgale E
. . . O apoilation -
- Contribution of uncertainty sources depend on p, £ - Pile-up, NPV12 E
. . i ) = Jet flavor 5
 Jet energy correction uncertainty: S 6 - Time stability E
— Look at quantities insensitive to JES (e.g. lepton py) Q ° Anti-k, R=0.5 PF E
“ . ” . . - = 3
— “b-jet” tag helps reducing number of permutations : Pr=100 GeV §
« JES “in-situ” calibration in ttbar events 5
— Use W—jj constraint to measured W mass 1
0

4 ....x = e ‘, g a ‘..., 3 .- =
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Top as a calibration tool

W. 1tag
» Top quarks can be used as calibration tool ' eof- ey oan)
- TOp mass, W mass, b/q jetS g 50_ =::23+PythiaM.=172<a
- can determine: £ wf
— b-tagging efficiency G gof *
— jet energy scale 201
...or alternatively... ™

- use b-tag as a probe ¥ %
— compare rates in different b-tag multiplicity bins

— is the signal, ttbar or not?
« BSM may appear in the sample and “distort” the distribution

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013
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Jet energy correction from Top

estimate JES

» Use semi-leptonic events
—1 isol u (p;>30 GeV)+24 jets (40 GeV)

» Estimate jet energy corrections by
applying event-by-event kinematical fit to
W and Top masses

* Likelihood is used to assign jets

hadronic
side

° K|nemat|ca| flt returns P(XZ) ................................. Py .
 Find best JES by minimizing x? *
E :; | | CM simulati(;n 7
150 7/ V
L ) ° '4'0 ‘(%) |ept0n|C side event selection

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013 8



Measuring the top mass

LO final state:

Challenging:

> Lepton+jets
 undetected neutrino
* P, and P, from E; conservation
* 2 solutions for P, from M,,=M,,
* leading 4-jet combinatorics
» 12 possible jet-parton assignments experiment sees:
* 6 with 1 b-tag
e 2 with 2 b-tags
* ISR+ FSR

» Dileptons
* (less statistics)
 two undetected neutrinos
* less combinatorics: 2 jets

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013 9



Lepton+jet channel

« Best channel (for now) to measure top quark mass

« Compromise between large branching ratio (BR=30%) and a good
background rejection

« Well defined final state (1 lepton, one neutrino, 2 b-jets, W—qq’)

SATLAS

JLEXPERIMENT

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013 10



Lepton+jet

channel

* in-situ calibration of the light quark JES from W— qq’

Events / 10 GeV

ATLAS: template fit as function of CMS: kinematic fit + “ideogram” method

JES and top quark mass
800 }I I T I T T T T I T T T T I T T T T I T T T I_:
- ATLAS Preliminary 3
700 L + jets =
600 L dt=1.04 fb” 3
500 E_ — |Dsig + Pbkg —E
- £ Pokg 3
400 e Data -
- JSF = 0.986 + 0.006 3
300 E rr1top = (1 750+ 0'gstat+JSF) GeV E
200/ ... —
100" e =

PRI ST N ST ST T S NS S ST S N S S ' Pt kel =y
100 150 200 250 300 350 400
M [GeV]

combine event-per-event likelihood
CMS preliminary, 4.7 tb™', \s=7 TeV

25

a0
w103
20
1.02
1.01 15
10
BRele] 0 RN
5
0.98

170 172 174 176
m; [GeV]

=>m,,,=174.4 £ 0.6 (stat) £ 2.3 (syst) GeV
172.6 £ 0.6 (stat) £ 1.2 (syst) GeV

ATLAS CONF-2011-120
CMS PAS-11-015
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Dilepton channel: challenges

« Combinatorics
— ldentify top quark decay products
— Ambiguity e S
— ISR/FSR introduces further complexity for selection 5
(~70% of the events have both b-jets reconstructed and selected)

A

ol

» Missing transverse energy
— Constrains the contribution from undetected particles

—O‘I

— In the dilepton channel: 2 neutrinos = E'T'.'iss = pr + fji}

- Jet energy scale
— my,, reconstruction requires measuring the parton energy
— parton—jet affected by resolution and absolute energy scale Different

ﬁ“.c?
hypothesis ‘\.\Jef/MET
* Pile-up setmer
effect

— Jet energy scale, MET measurement, extra jets/leptons

— Npieup™ 6 (21) for most of data collected in 2011 (2012)

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013 12



Reconstructed mass

CMS-PAS-TOP-11-016

Process Pre-selection KINDb =1 b-tag > 2 b-tags
* Select events - | . -
Di-bosons 73 =14 55 =10 18 -4 4+1
Single top 247 + 92 182 = 68 88 = 33 76 =29
. ] | 1 1
Reconstruct mass Wtets 22 +10 16 + 8 8+ 6 -
Z/y — €L 1091 += 97 756 =71 238 + 29 47 =11
other tt 3244 28 =3 11+2 14 =2
tt dileptons 5057 + 463 4209 = 385 | 1379 £ 127 2623 = 240
total expected 6522 4482 5246 £ 398 | 1742 4= 134 2765 =+ 242
data 6358 5047 1692 2620
N SO I U RS S P I &'*400:*"|""|""|""|""|""|""_5¢aa'th"“|"'_ e 300 A A A At
S 700— L - - B R di —] 2 - o g _ } e = “‘2 L T T T T T T 4" data T -
3 - CMS prelu:mnary,\@ 7 Tev,j L=22fb = ::t::::)itons E E 350 :_CMS preliminary,\s=7 Tev,j L=221b" ; tt dllep_tons = 3 E CMS preliminary, V=7 TeV,J- L=22fb" BN % dileptons E
& 60of—Events with ep Zly +jets— I & [ Eventswithpu g;‘?ﬁ;;:s—) 3 2 2505 Events with ee “othertt
2 F . W+jets g Phace B Whjets = b Zly *jets— I J
§ 500{— I Single top — t F B Single top £ 2001— = g:leltesto —
oo E Di-bosons @ 250 Di-bosons 2T ing'e tobp
400— ] C _ i1} N Di-bosons 1
; ; 20 E 150 -
e e E 150F- E - ee .
200[— M — 100 MM E 100(— -
oo E 50 = 0l =
o 200 300 400 500 600 700 800 900 1000 3 200 300 400 500 600 700 800 900 1;00 . .
my,, [GeVic?] Moy, [GeVic?] 200 300 400 500 600 700 800 900 1000
op Mg [GeV/c?]
E 2‘T'T' """""""" '§ 0000 00 A0 . L LA 0 A W00 N LA - e ———
I I S g S g 3 o7
0.5 I@ 1 1 * ,;:r% I& [ : 1 : S 4 SRR 200 N | S & P ";%ﬁ%% bed:
%00 200 300" 400 500 600 700 800 800 {000 05400200 300400 00" 600700 800 600 1000 R P LU, SO T
my,, [GeV/c] m, [GeV/c?] 0 100 200 300 400 500 600 700 800 900 1000
op

m., [GeV/c?]
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Signal and background

» Signal component in the mass » Background component in the
spectrum modelled: simulation mass spectrum modelled with data
« Fit: Landau+Gaussian +simulation
« Categories: =1 and 22 b-tags * Fit: Landau
% 4500;_1 T T 1 _; go_()ogi_l T T T T T T T T T I_E
@ 4000 — 2 0.007 =
3500;_ mtop=172.5 GeV/02 _; L% o,oosé— —;
3000 = — = -
- 3 0.005 — =
2500 |— — - -
= = 0.004 = -
2000 — — - 3
1500 - E 0.003 |~ —
1000%_ _% 0.0022— _z
500§_ _E 0.0019 ;
90:) I I12|0I I I14|f0I I I16|0I I I1£|30l I I2(|)0I I I22|0I I I24|10I I '26|0| I l2E|30I I I3:00 900‘ | I12|0I | -1);0- I I1(|30' | I15|30' | I2(|)0I | I22|0' | I2”|'0I | IZéOI | I25]30' I é_OO

Reconstructed Mass [GeV/c?] Reconstructed Mass [GeV/c?]
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Reconstructed mass

* Top quark mass is
reconstructed In

different categories
« Signal and background

shapes

40

20

?00 120 140 160 180 200 220 240 280 280 300

w1203..1...|-..'---|--.|- T T T T E=|
=4 3
o 3
T ; 1 b-tag (ew)
w 100 +32
! m,.=174.67

80

POO 120 140 160 1830 200 220 240 280 280 300

60
40

20

CMS preliminary, =7 TeV.fL =23’ o

-+ data ==signal bacxground

1 b-tag (ee+up)

m.co=1 70 '8:55:': e
Nsﬂna=533‘4:?3.‘f48 -.
N =261.5%7 71

Dackground 214

Reconstructed Mass [GeV/c?)

+31.2
I\Lr,-n_-:=7 77.0 308

78 _]
Ne:h;n:u’-:=111'9 s

Reconstructed Mass [GeV/c?]

Events

40

= 2 btags (ee+w)
m,, =173.47]
N,,,=1008.97.5

<58

N:m:'.c;':r,n:'v=84'3 28

T T N N N N

T
1

TR T WP

alssalaaaloaaloaslon,

?OO 120 140 160 180 200 220 240 260 230 300
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18
ﬂ\uv=1 73f1 3 _
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1
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Correct for the bias

T ™ L | T Y T ™ L B T

 Check and correct for the bias 185{— CMS simulation .

In the measurement 80

175

170

Fitted m, [GeV/c’]

165

lllllllllllllllllllllllllll

160

"._IIITTI'TTTT‘[1T1IIIIIIIlll

Bias
N
-
|

Ogb . . . . . ‘
160 165 170 175 180 185
Generated m, [GeV/c?]
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Do not forget the systematics

Source Amyop (GeV/c?)
: JES +1.90
« Jet energy scale (JES) is the largest unc. 7200
— JES is varied up and down and difference in m is flavor-JES 113
accounted for as systematics JER + 030
— Flavor (b) specific uncertainty added in quadrature LES +0.12
* Other systematics: : e
ot y " ' o e | g Unclustered ET"° + 0.43
_ silg:ar?nce with respect to reference sample used for Fit calibrati.on | £ 040
— MC: compare Alpgen and Powheg with Madgraph DY no.rma.hzatlon + 0.40
— Vary factorization/matching scale, ISR/FSR Factorization scale = 0.41
Jet parton matching scale + 0.65
Pile-up + 0.19
b-tagging uncertainty + 0.30
mis-tagging uncertainty =043
MC generator + 0.14
PDF uncertainty = 0.39
+2.52
Total 263
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Final fit

CMS preliminary, ys=7 TeV,_[ L=23fb"

F\x 5 | I 1 1 I 1 1 I I I I 1 I 1 1 I I 1 I 1 I I 1 ]

g T T A Mye,=173.30%"2% GeV/c? E

2700 Cuis oretimi _ ot = 1 45 top -1.23 —
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600 _Events with e p gﬂ?ﬁ_‘};{s% = — - . -
3 B W+jets ] 8) 4 = = Combined

S 500 — Il Single top — . — —

@ = Di-bosons | ' 35 — = 1 b-tag (ee+pp) 7

4005_ E o —— > 2 b-tags (ee+up) .

F E 3E — - 1b-tag (ep) E

200(— — C ]

- ] 2.5k —— > 2 b-tags (ep) -

100 = C N\ B

C 7 2\ .

0 600 700 800 900 1000 — \ ]
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1.5 \ —

;q', 2""""""I':;'I""I""I"""""""' | 2

2z 'S casvesstst. b 1 TIh e = \\ i~
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- / -]

M —
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Top quark mass

Top-Quark Mass [GeV]

CDF 172.5+1.00

DY Bl 1749+1.4

Average 173.2 +£0.90
%*/DoF: 6.1/10

13.5

LEP1/SLD 1726 © 132

N 1.7

LEP1/SLD/m,/T, . 179.7 7 1

160 170 180 190
mt [GeV] March 2012

arXiv:1107.5255
+0.5%

« dominated by I+jet
channel

* Towards LHC and
global combination

Results from LHC are rapidly improving (0.6%)

Tevatron + LHC m,,, combination - Sep 2012

CDF Runll, I+jets e 1729+0.5+1.0
CDF Runll, di-lepton —_——— 170.3+ 2.0+ 3.1
CDF Runll, all jets b 1725+14+14
CDF Runll, L, o 166.9+ 9.0+ 2.8
CDF Runll, MET+jet H—0—H 173.9+13+14
‘DORunll, I+ets  |mwew  1749+08+12 |
DO Runll, di-lepton H—@—H 1740+ 24+1.5
CATLAS 2011, I+jets r—e—  1745+06+23
ATLAS 2011, di-lepton ——0—— 175.2+1.6+£ 3.0
ATLAS 2011, all jets —_——— 1749+ 21+ 3.9
CMS 2011, I+jets e 1735+03%1.0
CMS 2011, di-lepton —— 172.5+04+1.4
CMS 2011, all jets O 173.5+£0.7+£1.2
‘Tevatron July 2011 weu  173.2+06+0.8 |
World Comb. Sep 2012 ] 1734+ 0.3+ 0.7
| | | | 1(stalt.) + (syst.)
150 160 170 180 190
mtop [GGV]
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Top-antiTop mass difference

» Test of CPT invariance: particle and anti-particle have same mass
— If masses are different =CPT violation

— Top quark is unique because it decays before hadronizing
« use utjet ttbar events: positive/negative muons (L=1.1/fb)

— Compare mass measured from u*/u- +jets
— Use hadronic side

CMS Preliminary, 19 fb"at [s=8 TeV[lllt |
> 25000 b L l""""";' LR R - W+jets
3 : T+ets B Z+jets
© 20000} R I Single-Top
X E QCD
& ] —+ Data
£ 15000 ey
c L i
() r ]
(11 10000F 1
5000 :_ ...........
O 14 ¥ ¥
% 12 - O SR T ”’+ +***** 4
b dssunoesesessesnnsgans e 3 1L
T 0.8} feoer - TR f
D 06 R e A N e T T s ST T IS e
0 100 200 300 400 500 600 700 800 900 1000

Clidmnd T A

Ammn I

CMS-PAS-TOP-12-028

CMS Preliminary, 19fb"at 's=8 TeV[llg |
~ 25000 T T i Waets
3 I +jets B Z+jets
« Qcb
E 15000 - —+ Data .
] ] : :
21 10000} 1 Dominant systematics:
5000 1 * bvs bbar jet response
; { * signal fraction
O 14 B | L .
E ;E | 'i*.;..'.i.'.."..;'...‘.;..;..".-..'..16,,".«;.0',;",”{“ ** e b vs bbar tagging
[ T ] e o e T e e e T T O e e e s o oo

0

100 200 300 400 500 600 700 800 900

Cldmd T A I

1000

-m

had

t

=-272+196 (stat.)+=121 (syst.) MeV
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Top mass from cross section

S. Moch P Uwer PRD 80 (2009) 054009

» Direct m,,, measurements rely on details of 400 ot T T S e e
kinematics, reconstruction, calibration Hathor -
LHC 7 TeV
° i 350 -
Experimental measurement has small | MSTW 2008 NNLO

uncertainty: ~0.5%

* \What mass is measured?
— Could be interpreted as pole mass

o
B o,

300

250 F

o [pb]

» Compare theory prediction (measured) cross 200
section vs pole mass (=my,,) +

. . . 150 F
 Exploit relation of cross section and mass:

L (160 16) pb
— Ao/o = -A* Am/m (A=4-5) i00 L

PURT SN SRS NS ST S N ST U A SN U N ST R Pl | 13 | EFEFET S By

140 145 150 155 160 165 170 175 180
m(m})
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Top mass from cross section

ATLAS Preliminary,.[ L=35pb™

—— o(pp — tt+X — l+jets+X)

—— Measured dependence of ¢
—— NNLO approx. Kidonakis

—— NNLO approx. Langenfeld et al.

» determine top quark pole mass using the experimental 300~ i, — NLOSNNLL Ahrens ot al.
ttbar production cross section 25001 ‘
— from lepton+jets channel (ATLAS) with 35/pb 200;--
150—
le -
My, = (166.4773) GeV 100) e
502— ATLAS CONF 2011 054

l

— from dilepton cross section (CMS) with 1.1/fb e T R T
ole _ +7.3 Top quark mass [GeV]
mp ¢ =170.377-5GeV

=
% I CMS Preliminary, Vs=7 TeV, L=1.14 fo™
b.‘ approx. NNLO x HERAPDF15NNLO
. errors: scale variations x 68% CL PDF_,, x ag(M;)
AlSO determlne m(MSbar)' 400 I Langenfeld et al.
Approx. NNLO x HERAPDFISNNLO | mP®¢ / GeV | mMS / GeV Anrens et al.
Langenfeld et al. [7] 171.7 "85 164.3"22 CMS-PAS-TOP-11-008
Ahrens et al. [9] 169.1'27 161.0197
— : 200 -
CMS-PAS-TOP-11-008
I O Measured cross section o=
® Cross section corrected for m:’°'° (Langenfeld et al.)
Measured cross section dependence on mrc
o k=. ., v oy by s s

PR T T S
140 150 160 170 180 190
mP°'® (GeV)
t
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Not just cross sections

"core" tt region, e.g.,
en + MET + 2 b-tags

11
llllllllllllllllllllllllllll
llllllllllllllllllllllllllllll
llllllllllllllll
lllllllllllllllllllll
lllllllllllllllllllllllllllllllllllllllllll
lllllllllllllllllllllllllllllllllllllllll
llllllllllllllllllll
lllllllllllllllllllll
lllllllllllllllllllllllllllllllllllllll
llllllllllllllllll
lllllllllllllllll

event selection region

> Drawing by C. Campagnari
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Interesting physics with Top quark

v,q’

PRODUCTION
Cross section
Resonances X—t
Fourth generation t'
Spin-correlations

New physics (SUSY)
Flavour physics (FCNC)

PROPERTIES
Mass

Kinematics
Charge

Lifetime and width

W helicity
Spin

v,q

on

DECAY

Branching ratios

Charged Higgs (non-SM)
Anomalous couplings
Rare decays

CKM matrix elements
Calibration sample @LHC
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Spin correlation

* Important tool for precise studies of top quark interactions

* Top quark produced are not polarized
— ...but spins between quark and anti-quark are correlated

» Top quark decays before spins decorrelate

— Top quark decays before hadronization (t~10-2° sec) = spin information transmitted to the

decay products (W boson, b quark)
» Spin correlation depends on the production mode

nI

*

+ n, .

1 do

o dcos 0,d cos 6,

=l(l+1ccost9l 00502)

----------- Off Diagonal Basis

» Analyze spin using angular distributions of decay products
- 0, and 0, are the angles of decay products wrt a “quantization axis”
— value of x depends on spin basis (for example, off-diagonal vs maximal)

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013
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Spin correlation

» Spin correlation may differ from that expected in the SM
— top quark decays into a charged Higgs boson and a b quark (t—H*b)
— Other BSM scenarios

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013 26



Spin correlation: Tevatron vs LHC

A= N,+N,—N, —N,
N1+ Ny + Ny +Nyq

t
q t 351 ,. t g t

7 - A

a» 5 _ * 5 3 _ ”
t t
Tevatron LHC

* dominated by qq annihilation * dominated by gg fusion
* tt pairs close to the threshold * tt pairs far off the threshold
e beam axis as spin quantisation axis * helicity basis as spin quantisation axis

NLO QCD: A = 0.78 NLO QCD: A = 0.32

Bernreuther, Brandenburg, Si, Uwer, Nucl. Phys. B690, 81 (2004)
e optimised “off-diagonal” basis * maximal basis

complementary between Tevatron and LHC

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013
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Spin correlation

 Access spin information via the angular A = Niike — Nuniike
distributions of its decay products Niike + Nuniike

* Most sensitive probes are leptons and d-type 0'55';45}',;...;.;;5;;;—:;Q;; T
quarks §0'45:—CMS-TOI5;12-004 I

« Strategy: fit A¢ dilepton distribution with binned s 3 04f E
SM distribution and in the case with .\9

uncorrelated spin distribution
 Translate result to maximal/helicity basis

=¥~ ( Data - BG ) Unfolded

. . " 02 B st. Uncertaint =
« Main systematics: ISR/FSR and signal : e v :
. 0.15}F — W.Bernreuther & i (SM,u= —_
mOdelllng E ..... xBernreuther&:z : ::rcorrhe‘l:med u=M)

, . 0_1“.1..111.111..111.111..111.1111.

* Results in agreement with SM: 0 o5 1 15 2 25 A¢3
[+l-

_ 40.13 _
Aneticity = 0-34 & 0.075tat Zol09 syst Ahelwlty 032 | ATLAS-CONF2011-117
0.18
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Charge asymmetry

 In gqbar—ttbar (Tevatron): top quarks are emitted in the direction of the
incoming quark, anti-top quarks in the direction of the incoming anti-quark

* No FB asymmetry in gg—ttbar (LHC)

SM: Only small asymmetry due to ISR/FSR

New physics: production mechanisms with new exchange bosons could

enhance the charge asymmetry At LHC quarks have larger momentum than anti-quarks
(larger average momentum fraction of quarks leads to an
excess of top quarks produced in the forward directions)

Tevatron top LHC top
anti-top anti-top

n n
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Asymmetry Az anomaly?

» Tevatron experiments observe a differential

CDF: PRD 83(2011)112003
dependency on charge asymmetry DO: PRL 100(2008)142002
 Sign of new physics? CDF Note 10807
0.6 At high mass, a 3o discrepancy
A" 1 paton-level T « Study asymmetry vs mass of ttbar system
0.4 + === #NLOQCD J_ <E . —— CDF Data, 9.4 fb"
| - ay, =(15.2= 5.0)x10™* (GeV/c?)™’
06 f Predicti
o2l [ LMﬁ r:«;i: 'f q 2)x10™ (GeV/c?)" //
1 0al-
0. 0 -l ————————————""
L 0.2
-02T
A | | | | ! l |
t 350 400 450 500 550 600 650 700 750
450 GeV/c? M, Parton-Level M, (GeV/c?)
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Charge asymmetry at LHC

Nt —N~—

Ac

T Nt+N- Anomalous axial-vector coupling of gluons to quarks could
explain the Tevatron anomaly [PRD84:054017,2011]

N*(N7): number of events with positive

(negative) values in the sensitive variable

Phys.Lett.B 717(2012)129
LB B BN R L BN AL

0 [ R F e = 2 T & % =0 5.7 %3 &) S B s
c [ CMS : N o Dela o <C - CMS ; —e— Data 1
Q 15000. 50" at Vs =7 TeV B " 0.4 5-0fb"at Vs =7 TeVv EAG h
o - A = 0. + 0. R 4 _ icti .
[ |+fe”t"s° 0.003 + 0.004 .Smgle op ] - |+]ets NLO prediction ]
- Ew+jets . -
10000 Wzsets 005 SOOI ITTITTS \
- [(Muttijet 4 i 1
- - | — — -
[ ] or | ]
5000 4 i :
: -0.05} -
0 I DA [ M I T B RS
-4 -2 0 2 4 300 400 500 600 700 800
Alyl m, [GeV/c?]

=(Good agreement between data and SM expectations
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Constraints on New Physics

EPJC 72(2012)2039
Inclusive m,>450 GeV
0.1 LI 7 757 2007 oot 1503 ANN L LB L 0-15:'"[""I""I""I""l""l""_

0.05

-0.05 __ ........................................................ Q0. 7777z e
1 1 1 1 l 1 | . | 1 l 1 1 1 1 l 1 1 1 1 l 1 1 1 1 —l 111 l 111 1 I 11 1 1 l 11 1 1 I L1 11l l | I | l 11 1
0 0.1 0.2 0.3 0.4 0.5 0 01 02 03 04 05 06 0.7
AFB AFB
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Heavy flavor content (i.e. V)
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Top quark decays

top decay t—=Wb, but really 100%? q

Indirect measurement using the CKM matrix:

e Elements |V | and |V | measured to be very small
from decay of B mesons q

» Unitarity and only three generations implies |V,| is
0.998 @ 90% CL

With top quark samples we can measure it directly as “R”:

BR(t = Wb) _ A
BR(t=Wq) 7| +|V.] +V,|

R

where q ={d,s, b}

Use the ability to identify jets with a distinguished secondary vertex: b-tagging
* The number of b-tagged jets depends strongly on R and b-tagging efficiency ¢,

We classify the ttbar sample based on the number of b-tagged jets
* The relative rates of events with 0/1/2 b-tags is very sensitive to R

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013
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s BR(t—>Wb)~100% ?

‘Inthe SM, R= —oRU=WB) 0.9980<R<0.9984
BR(t—Wq) (q=b,s,d)
* measure R by comparing the number of ttbar events with 0, 1 and 2 b-tags

* SM: R=1 constrained by CKM unitarity. R<1 could indicate new physics (e.g. 4th generation
hep/ph-0607115)

Measure R simultaneously with ttbar cross section:
Opp_stz(PD) 74+1.1

R | 001:£000 | R fame
| Vil 0.95 +0.05
o =TT b
R=0.90+0.04 (stat+syst) DO 5.4 fb-!

|th|=0.95i0.02 (Stat+5y5t) I+jets & dilepton

vV q Ve >0.88 @99.7% C.L. PRL 107, 121802 (2011)

Not yet sensitive to SM
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Measure of V,,

« Measurement with the single top production final state
« direct measure of |Vib|
* sensitive to non-SM phenomena (W’, FCNC)

U
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Measure R in dilepton channel

- Probe heavy flavor content of ttbar events . Selection: CMS TOP-11-029
» Use ttbar dilepton final state — 2leptons+ 22 jets + MET
Ad t — no b-tagging in preselection
« Advantages: _
— Jless background R = BR(t — Wb) ° Clean Slgnature

BR(t — Wq) » Goals:

— measure g(b) and R

Disadvantages:

— lower statistics
— jet assignment

04 CNIS pralirvrany \N's=7 Tav ' 1=22m’ w 4000 [T T T | T T T T T T T | T T T T T

10— T RIS TR S e u - _ _ -1 1
g b-tag jet muftiplicity = K CMS preliminary, \s=7 TeV,fL =221fb ]
frr S 3500[- —— =0 b-tags — — =1b-tags |
10° L E =2 b-tags — — =3 b-tags E
3000\ -
102 2500 —
- z
2000F" . 5
0 gt - Probability to obs ]
E mmiwacs 1500} —
C i Sngieop - n b-tags as a fu .
~ —— Di-bosons N 5
1 1 P L | L s 3 2 3 | 1
10 0.5 1 15 2 25 3 35 4 1000_ ]
b-tag multiplicity (TCHEL) : ]
% pr] = T T T T T 500 E

o) 1 - - 0 — i e e ) ey e e T 1 l—r-l 1 !
030 T T 0 0.2 0.4 0.6 0.8 1

0.5 1 15 2 25 3 35 4 _

b-tag multiplicity (TCHEL) R = B(t—=Wb)/B(t—Wq)
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How to model the background

1 reconstructed
Events are classified in 3 cases (weight a.): b-jet (c,)

1) 2 correctly assigned b-jet
2) 1 corr. ass. b-jet
3) 0 corr. ass. b-jet

o g-Jet

My = \/m} — m}, =156 GeV/c?

400”1[n v]v ‘llllll\'l‘lll{¥ll'll\1!l

wp e, NN
- 300 random rotation ]
Fasof :Zznmems 1 Compute invariant mass of all lepton-jet pairs
ool [ assignments 1 Model background using:

sof- @1 % .| = anassignments — jets from different events

100f | b 1 - rotate lepton direction

sof \ bkg-dominated | Background dominates at M>M_,,

5 ow

0 50 100 150 200 250 300 350 400 450 500
2
Mlepton.jet (GeVIc )
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Signal or background?

CMS TOP-11-029

450

Data-driven determination of background
» Reconstruct lepton-jet invariant mass

Illll

400F CMS preliminary, /s=7 TeV, f L=2.2 b
wrong assign. .correct
+backgrounds

Ll

assign. — data model — MC model @ data

350

n-jet pairs/A M

T lllllllll[llll]llll] Illlllll T

300

Q 250
g

llllllllllllllllllllllllll[llllllll

Data/Expected

 Use tail to model background in signal region

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013 39



Signal vs background

CMS TOP-12-035
CMS simulation, Vs=8 TeV

—~0.16
-
§ misassignments
S 0.1 :
correct

\m2-m2, ~ 153 GeV

0.06

0.04

0.02

o
o
(o0]
T Tt T[T T rrr[rrr[rrrJrrrrrr1t
1

200 | 400
Invariant Mass [GeV]

o
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Lepton-jet pairs

Data/Exp.

Signal or background

CMS TOP-12-035

Scale shape to match spectrum observed with M;>180 GeV

CMS preliminary, Vs=8 TeV, [ L=16.7 fb"
200 "~ T~ 7 T T T T T T —
2000 - eu events —E a
1800 [~ . 3 fz. [S) Ja
1600 E— EI misassigned (data) —f b a C k
-3 Wow 3 Sy Erg
1200 £ ¥2/ndof : 0.76 = tra U/)
1000 [~ = C t/' d
800 — — on
600 —
400 —
200 —E
ot 2t|)o — 400 6(;0 — 500 2 900
Invariant Mass [GeV] g
15 T ° 800
1[--0-0r0-010.0-0-0-0- 0 g 0000 4.9 ¥ g - + g 700
05 H g Jesssssneusesasnarsgusasenssapessarses Jossnsanispunesnssanuesassaspussasnasd Josssassansessassaspernsseragsnes p— -.a
0 200 400 600 800 3 600
500
400
300
200
100
0

CMS preliminary, {s=8 TeV, [L=167 fb"
— T T T T T

T T T r T
ey events

e data (residuals)

. correct

x?/ndof : 2.03

IllIIIIllllll]lll]llllIIIIIIIIIIIIIIIIIIIIIII
lll]lllllllllllllllllllllllllIlllIIllIlIllllIl

0 200 400 600 800

Invariant Mass [GeV]
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Events

Heavy flavor content

 Fully data-driven measurement
— b-tagging multiplicity parametrized as function of R ¢, ¢, top contribution
— Number of reconstructed t—=Wgq is estimated from lepton-jet invariant mass

* R=1.0210.04 (stat.e syst.)
— Lower boundary with confidence interval @95%CL after requiring R<1 = R>0.945 @95%CL

ObsJExp.

8000
7000
6000
5000
4000
3000
2000
1000

15

-t

05

CMS preliminary, /s=8.0 TeV, [ L=16.7 fb"

rrrrrrrerrrrred

ee

2 jets

3jets

rrrrrr e e rrrrea

uu

2 jets

3 jets

4 jets

rrrrrr e e rrrrea

eu
2 jet
>

3jets

012340123401234012340123401234012340123401234

b-tag multiplicity

NN N O N U A R A Y MY I PN

*...-9- ...... +,..-0-0- +*+

soloelsslselosloslackedadodebododecdss

++*+*f0++ﬂ+

FIS S A A A

P P L - _.;-oe'i

b B ebebeoh bbb di e e
0125401234012 354

oloelechosbecheoheibockedodadeideideifes
D 1233012330712 313
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ofuechocboaheohosechedbededesden e cund
01234017234 07234

Ew

. Multijets/W— v

o
©

e ©
o N

B(t—Wb)/B(t—Wq)

o
[2)

R

°c 9
N W

o
-

CMS TOP-12-035

CMS preliminary, /s=8 TeV, [L=16.7 fb”

TT T T T T [T T T T[T T T[T T T T[T T T[T T T[T ITT T rrrrJrrrrs
I [ I [ [ | I I [

99.7% CL
95% CL

B 62 cL

l 1 L 1 l 1 1 L l 1 1 L l 1 1 1 ll

1 L 1

0.2

0.4

0.6

0.8 1 1.2
Measured R
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5

N

—
(&)

—h

O
&)

Measure R

CMS preliminary, /s=8 TeV, [ L=16.7 fb"
l 1 Al | | I | | ] | 1 I | 1] | | I 1 | | 1] _u
= ) 250020 ' ' ' ' -1
- \ 5 [ 0.988<R<1.058 .
- \ Lﬁ?f—(‘fCE‘ -
E \ xotci- E
- \ 150:(:3 .
E n:otci E
; *)bnzag‘r?mmplfaty E
. combined ]
‘_‘—‘ ee =
C |uu y
- eu /7
E [l ! 1 [ 1 - ’1, 1 ! 1 %
9 0.95 1 1.05 1.1
Measured R
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CMS TOP-12-035

* Variation of the likelihood used to
measure R from data
* Fit different categories
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Summary of R results

measurement

Mostaccurate /77 //illa : : . .

R RV ST R R,
R=B(t— Wb)/B(t— Wq)

0 0204 060

Il: 1.0237)3s CMS-PAS-TOP-12-035 (2013)
+j: 0.943’;}",? CDF Note 10887 (2012)

Il: 0.9817) 3 CMS-PAS-TOP-11-029 (2012)

., +0.07
U: 095, D@ PRL 107, 121802 (2011)

II: 0.867, %

1j: 097" D@ PRL 100, 192003 (2008)

lj: 1.03_*‘;’-1179 DQ PLB 639,616 (2006)

. +031
1j: 1.02_024

CDF PRL 95, 102002 (2005)
+0.49
: 141,

lj+1 0.94*;’;: CDF PRL 86,3233 (2001)

//A 95% CL
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b-tagging efficiency

CMS BTV-11-003

« Can determine b-tag efficiency and/or R oS premiay 218 b A= T ToY

>
o 1f -
° _ : P = N Monte Carlo Truth
b-tagging efficiency measured B :
— (assume R=1) = i Measured value
. o L 0.6
 absolute b-tagging efficiency measured =3
from data and predicted from simulation 3 ook E
» Ratio of data/simulation Lo !
 Total (stat.+syst.) uncertainties ‘
CMS preliminary 218 fb! at\E<? TeV y : > 3 lllllllélllléllll llllélllléllll.'IOVll—
f‘-“:' L B B B Discriminator value
el E
1af 1 Results of the fit to the b-
asf E tagging multiplicity
- TCHEL :
1.2~ 3-0 .
E -2-0 i
115 ]
P :
13e" o8z oed ose " ose 1

SF g,
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Top quark decays and taus
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 Measurement of ttbar cross section with tau

- o Channel Signature BR
leptons in final state is important: Dilepton(e/y) | eeuen + 2bjets | 4/81
channel not well explored Single lepton | e.u + jets + 2b-jets | 24/81
Cross-check to other channels ) ) )
_ All-hadronic jets + 2b-jets 36/81
increase acceptance of ttbar events : :
: . Tau dilepton et, ut +2 b-jets 4/81
involves only 3rd generation leptons/quarks _ - :
probe non-standard physics (t—=H*b, ...) Tautjets Tt lets + 2brets 12/81
. . I, q
* If top quark plays special role in EWK symmetry e W
breaking, couplings to W may change ’ v, q
“ ’
e Char Hi m lter lin W ¢
Charged ggs ay a te. coupling to t
« Search for final states with taus
b

Probing the Wtb vertex

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013
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Charged Higgs

 Tau dilepton channel is of particular interest as existence of charged
Higgs can give rise to anomalous tau lepton production

If top decays: t -H*b (my<m-m,)
b

=directly observable in this channel
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Charged Higgs

1R
« BR(t—H*b) could be large 0.8 -
« H*—t *v_enhanced if tanp large 0.6
0.4 [
= observe more taus . )
. __ My = 1000 = U
: . MI = 175 G Ljc
(tanp: ratio of vacuum expectation values) 0 ol S
10 1 10 10 'tan[go

— -1
1000¢ Ns=7Tev 21fb" CMS

5 900F ~ L (WW + WH + H'H)

> E e WW (tE - W'BWB)

W 8OQE - WH: (i -» WbHB)
200 o -« H'H (ff —» H'bH'B)

- m,, =120 GeV
- ut, final state

600+
500
400F
300F .
200/ .
1005,
0:J -?'1"1"41’ [ :11111;| .
0 0.2 0.4 0.6 0.8
BR(t —» H'b)
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Taus In top quark decays

Vs=7TeV, 49 fb' CMS Preliminary
! ! !

Wt & 2 Lol e data _
9> 1 Y T g) m,,. = 120 GeV - vali(t:l'll)ﬂ‘ — Ty E
000y —m —— . & B(t—=H'D)=005 . misidentified,
10° DY+jets 4
¢ Bl Diboson =
I Single t -
A U other tt -
— e 104 -tf—>|1‘th =
9 ' ' :
W i
. vy 3
« Selection: g =W e
— one isolated lepton (e/u)
— OS tau 10°
— at least two jets (one b-tagged) Q 1
T ASE b
— MET>30 (45) GeV § ] T e e T
» Determine t fakes from data %%
0.85
— Expected to be dominated by quark/gluon jets 0.8

. . 11+ = 3 gmiss = 1btag 1t 0Ss
— Conservative approach: average W+jets and QCD T
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Tau fake rate

« Main background from “fake” tau jets

—_—

Q - LA e e A D
. - - CMS Preliminary 3
- Background estimated from data: e F e +Data -
— Select “W+23 jets (1 lepton+MET+23 jets) % 0 NS TSN Gevie, < 24 =MC E
— Apply to every jet the “jet—tau probability” “ [ tp >20GeVie, <24 .
— tau fake probability evaluated from data 0 . 3
— Function of py, n, jet width . * +="¢:.: .
. . 10'3 3 . : =
- Good agreement with expectations : =
A e Hadronic multijet -
14 - -
:' :. 10-5 YRR T SN ST SN WUNNE NN NN SN SN N NN TN TN SN N THNNE VAT TN SN NN TN O NN TS S N1
0 20 40 60 80 100 120 140
] Gluon jets: Jet p_(GeVic)
Quarkjets: P A ST T AT TS A :
06
04

0.2
D4
D6

(&)

Zlo
8= o2
©

Q

08

Quark vs gluon jets: o
*Different coupling to strong field
*Gluon jets have higher multiplicities and softer constituents

20 40 60 80 100 1200 140
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Tau dilepton channel

CMS Preliminary, \s=7 TeV

L] ] o
Reconstruct mass in ttbar events with taus +4%, TOP-11-024
_~~ 70 1 I 1 Ll I L\l 1 1 1 I ) L) L) I I ) L) ) ) I ) ) T T I _
°'§ - CMS (s=7TeV,22 fb' ——data ; CMIS efusjots
C T N + 3+
O 60— B tt— ut +X — TOP-11-003 (L=0.8-1.1/fb) 16::;11 sgt.t_sylt.zi fmz P
o n :
o F [ other tt ]
9V} - w H t =
& s Bl W+jets 3 .
~ - . - CMS t+jets
o [ [ Single t ] TOP-11-004 (L=3.9/fb) 15<Ev;al.i¢ ga%ris-ys?gu-rtni? Pb
§ 40 (I DY+Diboson
T S\ Total uncert. 1 .
a0 \ cert. 1 EJOI\:,I?1 O(I]Iét:gton (ee,up.eu) 162+ 2+ 5+4pb
— -11- inal (L=2.3/fb val. + stat.+ syst.+ lumi.
- PRD 85 (2012) 112007 La | axwizosz67t s
C wr _
20:_ J e Vi q CMS dilepton (er,m) 143 224+ 3 pb
o t —— arXiv:1203.6810 (L=2.2/fb) [\ |_+ tat. + yst.tIuTn[
10__ PRD 85,112007(2012)
. b
. CMS all-hadronic 136 + 20+ 40+ 8 pb
9 0 200 300 400 500 600 TOP-11-007 (L=1.1/fb) (val. £ stat.+ syst. lumi)
My, [GeV/c?]
== Approx. NNLO QCD, Aliev et al., CompufPhys.Commun. 182 (2011) 1034
Good agreement between measurements and e R RS R
o | | l
predictions (for all decay modes) 0 50 100 150 200 250

G(tt) b)
PLB 717(2012)89 O = 186 +13 (stat.) + 20 (SYSt.) + 7(lumi.) pb. ATLAS ép
0y = 143 + 14(stat.) & 22(syst.) & 3(lumi.) pb CMS +16%
52
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Is there a charged Higgs?

* [f anomalous tau production in ttbar decays there may be
contribution from charged Higgs decays

\s=7TeV, 4.9 fb' CMS Prehmmary Vs=7TeV :ey, ey t+ets 22fb";ur4.9 fo”
; bl LAkl WA Rk BLEd RALL] RLAA) LEALS LAY A= = ARARSRRREN LALENRRERNRRARE LALEE RLEERE LAELY
c:u' 0.4F __'_ﬂ?f:, =120 GeV] Z £20.14f t - Hb, H > o CMS Preliminary-
[ misidentified <, 2 < |t +ets, er,, ut , and ey final states i
0.35 DY + jois Z 1 0.12F BH »w™)=1  _m observed -
- [ Diboson 1 e i
0.3 W Singlet - (a2 . 8 Expected median + 1o i
- [0 other tf . = 01 000 e Expected median + 20 .
0'25:_ tt:k—g’tp‘otthal unc. -: :C:) i i
: [::] signal total unc. é 0.08_— N
' B(t — H'b)=0.05 j i ;
O 0.06(- -
X ]
10 0.04]- -
0.02 '
0.10.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1 -
plead-track/ET %0 90 100 110 120 130 140 150 160
Yields in agreement with expectations = set limits m, (GeV)

80< my+ <160GeV. BR(t — H'b) < 2 — 3%| CMSHIG-11-019
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ttbar resonances
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How else is top produced?

Standard Model LHC Single Top Production see A. Onofre,
, Lecture #7
! May 8, 2013
1 g t g t
w
. W b
b
q q b b w

6457759 T13ipb 46340077312 pb  15.74+0.407}1¢ pb

Kidonakis,N. Kidonakis, N. Kidonakis,N.
PRD83:091503,2011 PRD81:054028,2010 PRD82:054018,2010
t Resonance Production?
X Top Color-Assisted Technicolor
OR
t ???7?7?
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Top quark pair resonance

No resonance expected in SM 0

Why is Top so heavy?
— new physics?
— is third generation ‘special’?
— couples predominantly to third generation
quarks

Top is relatively unknown
experimentally

Experimental check

— search for a bump in the invariant mass
spectrum
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Search for resonances

L CMS simulation
& 250 L = 100pb™!
. . . ~ — Z(500 G
« Semi-leptonic (muon+jets) channel s B0 - 2050 OoV)
’ : : ) - Z(1000 G
« Z —ttbar cross section normalized to 5 208l ... 21500 GeV)
SM ttbar v = ----=-- Z(2000 GeV)
- B Z + jets
* Progressive loss in reconstruction 150 —lets
i . . - semi muonic tt
ability due to jet merging - non semi muonie
100—
I A l.-‘:!"-l- .I l'-‘J.v—.ll- |

0™ 500 1000 1500 2000 2500
m, (GeV/c®)
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Search for heavy resonances

- search for massive neutral bosons decayingviaattbar 3 [ DO, 5.3 1
quark pair o qL T
, e °© f |+jets
* use dilepton/lepton+jet final states (electron and muon) - J
— Reconstruct My, in different categories (e/u, n-jets, n b-tags) -
— |+jet events: full event reconstruction 107 Topcolor Z'
— Dileptons: use NN approach to improve S-B separation _ 95% C.L. observed
» systematics include shape (JES, b-tag, theory model) - == 95% C.L. expected
1 =4 N B BT S P
and rates (eff. bkg yields) 1077200 600 800 1000 1200
CMS. 5.0 fo"' {5 = 7 TeV resonance mass [GeV]
> S B e e e e e
2 ogoof "t Net =3 Nouag =1 —*— Da = T OFT e T
8 " F g JHEP1212(2012)015 Ml ¢ ] = N — Exp. 95% L upper imi
o _ arXiv:1211.3338 Single top N ? E-J Ldi=4.661b [ Exp. 106 uncertainty
; 2000 B Wiz + jets ] $ C Exp. 2 G uncertainty
T N ) : D%) 1025‘ |+Jets IEE Kaluza-Klein gluon (LO)
:>J’ 1500 - Multijet - @ : ATLAS Preliminary
S 075 1eV (20 p0) 3 &1 ATLAS-CONF-2012-136
1000 B e Z'1 TeV (20 pb) ]
- — Z'1.25TeV (20 pb) 1 1
500 : —
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Search for ttbar+jet resonance

« Search for a heavy new particle M produced in association with a top quark:

pp — Mt — tqt
* Resonance in the system t+jets ot ttbar+jets
« Select events in lepton+jets channel with at least 5 jets and 1 b-tag

CDF 87 fb_1 CDF Run II Preliminary CDF Run II Preliminary
5 F on: . = [ —
: F Resonance (0.1 P): - pata 8.7 fb! & [ J Ldieg7f!  — Observed limit
L% : —— 300 GCV/C: ; TOp rJ e Expected

b - 500 GeV/c?
= - 2 . Wjets - +/- 1o
10° 800 GeV/c J
- 1 [ J+-20
- S Il Other Bke. — Singlet (g_.g,) = (0.1)

Triplet (g .g,)=(0,1)

10

95% C.L. Cross-Section Limit

._.
<

- T SR IIIIY
LT O C—

T IlIIIIIl

............

.........

|
R sz N

= : ' . : A 7 AIISIAI 10 )

100 200 300 400 500 600 700 800 900 1000 200 300 400 R 500 6(1)\(/)[ 78() v/ 280()
nan s

m, [GeV/c?] esonance Mass [GeV/c?]

2

_IIIIIIIIIIIIIIIIIIIIIIIlIIII

(data-bg)/bg
S
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Boosted topology

Boosted Heavy Particle QCD Jet

20.8:— 20.8:—
0.61- A 0.6F
04fF SRt T 0.4f
= - . [ ] : |
2 A =it 0.2 e 4
: : ] . T |
O_'__ O:__ - _ L] n
[ I ! =
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Jets and boosted topology

Hadrons are
clustered
together to
make jets

~
Sy I
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Boosted topology

* In many models there is high potential to discover new physics in the top
sector in search for heavy resonances

pp — X — tt

* Simple approach to merge neighboring jets

Proi'on
hlgh pT hlgh pT
Jets \ ‘4- ‘ *‘/ Jets
Proi'on

* At LHC energy, EWK scale particles produced beyond threshold
* Jets are highly collimated
* Jet-parton matching breaks down

* Decay products and FSR collected in a fat jet

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013
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Mass jet ~ M
A
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Boosted jet topology

Jet 3 : CMS, L=5fb"at Vs =7 TeV
= To ,et NQ 180 T T T T T T T _;
Merged Jet pt 47.8 GeVic, L . 3 160 .-
4 2 Y . . 0] mpATA= 83.0+ 0.7 GeV/c ]
: b-tag discriminant 4.2 . 5 140 S - 825403 Gevie?
: W jet = 120 W o= 825+ .D ) E
' P ¢ Data J
’ 7 \ o e
' L Widets 3
. : Type 1+2 60 (CINon-W MJ|
40 — Data fit 3
== MCfit 3
- o 20 =
/ i 20 40 60 80 100 120 140 160 180 200
‘ m(W-jet) (GeV/c?)
Mass jet ~ Mtop o, _CMS. L= 5 fb” at\!_ 7TevV__ §
S 120f- JHEP 1209(2012)029 -
== S 100F R
: ; o UF ]
2 =
) § 60 - EW«-Jets ]
4 o Non-W MJ
s Jet 2: Jet Pruning Y oE o
e pt 484.3 GeV/c, . .
mass = 68.8 GeV/c2 20 E
Jet2 + 3: Mass = 167 of J
0 100 200 400 500 600
M 2
Jet 1 : Top Tagging m(W-+b) (GeV/c®)

pt 589.1 GeVl/c, 7 o (MSLeSWLESTTV Tl
3 subjets, D — X — tt | g,

mass = 186.7 GeV/c2, - B ({ simulation
See also CDF note 10234

M 777 Stat. © sys. bkgd uncert. o
minMass = 87.2 GeV/c2 . Z(1TeVic) 5=1.0pb

------- Z(15TeV/c) 6=0.18 pb |
............. z(zTeWc’)c 0.06 pb
------- Z'(3 TeV/c®) o = 0.03 pb

Events / 100 GeV/c

* At LHC energy, EWK scale particles produced beyond threshold
« Jets are highly collimated

-2 I X X 3-0.5
00 1000 1500 2000 2500 3000 3500 4000 4500 5000
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Jet/Event selection

 Locate hadronic energy deposit in
detector by choosing initial jet finding
algorithm r

* Impose jet selection cuts on fat jet \
— Recombine jet constituents with new algorithm (I) ° N
— Filtering: recombine n sub-jets min d(i,j) o
— Trimming: recombine sub-jets with min p;

®
« Minimum distance between jets is R o ° @

|
0/
/

@
0
—

\ |@

[
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Boosted top topology

* Highly boosted top: three
hadronic decays of the top are

merged in one top jet ' W' -
* Moderately boosted top: three & S NS—— = W jet

hadronic decays of the top are : WS

merged in one W jet plus and one

b jet candidates -’ Type |+2
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Boosted top topology

CMS EXO-11-006

Tested using hadronic top in semilep. tt events: % 160 MO L e
* One high-pT isolated muon from PV. E“‘Oé‘ mEA™ = 83.0 = 0.7 GeV/c? ‘
* At least two jets pr>30 GeV with a leading jet p+>2 g:z: niP = 825203 Gev"
GeV and at least one b-tagged jet E sof m
* Events with W tagged jets used to reconstruct the\ ™ 60f Eﬁ;,‘,'ﬁ?m I
and the top mass of the hadronic side Zz‘ vl

0

0 20 40 60 80 100 120 140 160 180 200
m(W-jet) (GeV/c?)

CMS.L=a6fbat NS=7TeV

LA A A

Ll

50

40

30

Events / 10 GeV/c?

10

ll[llllIllllll]llllll[lll

b t

—700 200 300 400 500 600
m(W+b) (GeV/c?)
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Missing

—,b tagged jet

Run Number: 180400, Event Number: 54251178
Date: 2011-04-28 03:33:58 CEST
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Top quark and new physics

« Top quark production is main background in many searches for new physics
* Top quark sample may be contaminated by NP processes

* |s top quark sample compatible with top quark SM hypothesis?

* Need to compare distributions, gain good understanding of top sample

4

"core" tt region, e.g.,
eu + MET + 2 b-tags

|
lllllllllllllllllllllllllll
llllllllllllll

event selection region
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SUSY and 4t generation
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Cross section measurements

CMS Preiminary,~s=7 TeV

LEIE) Cocomt ot ol w¥dv OB04 2800 GO68)
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Charged Higgs

This study focuses on the mass range 100 < H" < 160GeV/c?, where we may observe an
anomalous excess of events in the 7 dilepton channel when compared to the SM decay of

tt - WTW—bb — Tv.,Iv,bb, | = e, u.

If top decays: t -H*b (my<m-m,)
b

Implies a larger measured cross section (see MG, Lecture #6)

—>probe non-standard physics (t—=H*Db, ...)
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Scalar top quark

« SUSY is one plausible extension of the SM

* due to the heavy top quark, mass splitting between t ,and t, can be large,
such that the lighter stop t ; can be even lighter than the top quark

« Decays dictated by mass spectrum of other SUSY particles

. g i
@ i, OO
g '
é@[ 5\<
t ffmm—»—

2

* Light stop:
mg, S ™y
* Heavy stop:
t — tx

X[ ——% i.e. similar signature as in ttbar

Vi
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SUSY: direct stop production

* Due to the large top mass, the scalar top quark
can be lighter than the top quark

 1stand 2" generation squarks can be very heavy
- Direct stop production: | 7 — t)"g? — bW;”C?
i—bx — bW

CMS Preliminary \s=8TeV, [Ldt=9.7 fb"
T, production: T, - b+, x—>w”~(BR-1m<200GeV) T 0% (BR=1, m, >200 GeV) > e BRI e |....|..J.L. T
-/ | T T T T T I T T T T T | T T T T T | T T I T T T T T |
%) 200 A7|'LAS | L Observed I|m|ts‘ (10307 ! T, beg, X W (m, <200 Gev) 8 1 03 M; > 120 GeV ¢ 107:"‘ 5
0) - —— Observed limits (nominal) 2 ]epm” (m.= ='106' Gev) — 0 1rtop 3
'_o' - 180 - J- Ldt=47 fb-1 \/s=7 TeV ---- Expected limits (nominal) £ 1/2-eptons + bets (m,. =106 GeV) | 8 0 t-u ]
El — tatus: Soptmber 2012 All limits at 95% CL, g '/2eptons + biets (m =2xme ~ [ wiets .
160 — [ (m; >200 GeV) = %) [ rare ]
- -/ ?:Zgi‘s: - c 12 B SM +T— t5° (450/50)
140 o) B== 2epton —] 2 == SM+1— by (450/50/0.75) 3
- et - 1T}
120 ;>mi‘(=1OGGeV) ‘«)L —: ".'."."'.'.".':
100 T B
= 7 3 10 P s TR
80 —
] =250 A —]
3 m, 106 Gey ]
4 J/ ]
40 Y = 1
208 7 ) S —
0 I ! r AR R ‘: L Lh [ l‘ [ B | |- L1 l R B 150 200 250 300 350 400 450
150 200 250 300 350 400 450 500 550 mlss G
m; [GeV] [GeV]
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SUSY: search for scalar top

it —=tt x°x° t#H—=>bbx'x —>bbW+W x°x°

. O'(pp—>tt +X) [pb]
« Status:
100 E arxiv:1006.4771 _
— Final state: both dileptons and 1lepton+MET o |
+2jets+2b jets p—
— limitations due to small xsec, large ttbar N
background o LYEmTTY
:I-vl'nIwrulv.uuli..ll'-_-.;'d.a.ta...'v-----': - . "':-_:(r;"\.:
| CMS Preliminary _
50: Vs =7TeV,[Ldt=1.0 b %zge top : 2-body i
- e/u-channel B Wejets - t
40 ) tt —» hadrons ft"
[ FE . _Z
Bt — 1 +jets i ~
[ I T2bw 250/50 0.75] e
/
. X2
Hooberman et al\ example signal: ’
B—bodv

™ stop(250) — b x=*

1 m(x° =50 GeV N %
1 x=0.75 = NY;
T &f )"(’2
- ?b

POO 120140160 180200220 240 260 280 30!
M; (GeV)
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Similar final state as in ttbar dilepton with taus
Look for e/u+ =22 jets + MET
Define 6 regions in: m{(I,MET) vs N, plane
Find 2 evts in signal region (2.2 expected)

2
]
3
s
2
E
2

-i

g PBLE—{bT)(Br)
25

20

e
== Dara (322 pb") A

L Titm=150 GeVic ',.:
0 R
- QcD )
B .
[:] 7 WW ]

tlo barkynrumn',\‘:

. Assume each stop decays to tau and b (R-parity V|olat|on)
t1t1 —>’7‘+’T bb

-

b b

T <
Y‘:’:<1: }%‘)"\ 1 T
71 < @64’6 e < T
b ! B

FERMILAB-PUB-08-045-E
CDF: PRL 101 (2008) 071802

)x Bré( ;> bt ) [pb]

~T~

o(pp-tt,

ML

CDF Run |, LEP (from 3rd Gen LeptoQuark Search)

l

Nl_o(prs—> tz) Bf( t1—>b‘t)— 100%

-4

95% C L. observed upper limit:

theorehcal uncertamtles é—- mcluded
' ' - - - not mcluded

L
.....

=22
Number of jets

120 130 740 150 160 170
m. [GeV/c?]
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Search for Dark Matter with taus

 search concentrates on heavy BSM particle production CMS SUS-11-007

— astrophysical evidence for dark matter points to the existence of weakly-interacting massive
particles (WIMPs) at EWSB scale

— These particles escape detection = large MET

* Not constrained to a specific theory

— general BSM search in events with jets, MET, and OS dileptons (at least one tau)
— eT,, mh, ‘l:h rh final states

= - B WJets
350 AR " © CMS preliminary
3 | §7 % s S L.=098f" s=7Tev  [(BZ—T
(.') 300f / High ET"** region o 107 [:]Z — |l
@ n )E/ L_H High H’ region :
= - / )
G250} / . ; ; €
: / 595 ® 10
200 ¢ EARELLL 2 i
: . ..': ) Y » E
150} . e NN
E i 1
100} ° ooy CMS Prellmlnary 3
5 \s=7TeV B
s0f- L=098fb" o
- PURETURNT SRS (T VT ST U ST VY W SN VNN WA SN N SN SN SN NS S ]
00 200 400 600 800 1000 1200 100 150 200 250 300 350 400 450 500
H, [GeV] ET** [GeV]
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Multi-top production

» Production of 4 tops is an attractive scenario in a number of new physics models
(SUSY, compositeness, resonances strongly coupled to top, etc.)

» The SM cross section is a few fb

t t
g g
i t
t t
g g )
octet only t octet or singlet t
o 10°
. . ~ = 119 4 10° ° lLW &bﬁgfzso GeV
Multi-top in SUSY?  gg — tttixoXxo o =
 Example: require one muon, at least 8 Jets o o
(one central) -
* Yields in 30 fb-" (gluino mass 450 GeV): 10°
— 330 signal events, 120 ttbar+jets, 30 W+jets fo*

Full sample Muon 4 Jets 8 Jets Central Jet
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Multi-top production

CMS SUS-11-020 t t
« SUSY models with four top quarks i %
« Consider models of gluino pair production
Type Al : § — ttx} X!
. FinzLype A2: g — t1t, t; — X7 (stop on-shell) B
7000 t f
ttttX 1 X 1 CMS Preliminary, /s =7 TeV, L _ =4.7 fb”'
1000
E é Same Sign dileptons with btag selection
= 900;_ Exclusion o?©% = gNLONLL 4 1
= 800
700;—
6002—
500;—
400 o
E m(x1) =150 GeV
300 m(%) = 50 GeV
200f
1000500 800 700 800 800 000

m(g) GeV
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Multi-top production

CMS SUS-11-020

« Study of SUSY signal with pairs
of sbottom quarks

1 i Type B1: pp — 515’{ o
bl — tX Type B2: pp — gby, g — b1b

* Final states with up to 4 isolated
leptons

—
o
I

1= 4W+2b + 25C) pb
] -

m(b1) > 380 GeV @95%C.L.

=)
'8
% 102F — NLO+NLL .
¢ E
o) 5 N 1
Same Sign dileptons with btags, m(;q) =110 GeV, m(x“’) =50 GeV |
250 300 350 400 450 500

m(b,) GeV
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ttbar+Higgs

e {tbar produced in association with H
—ttbar is a “clean” tag

» direct measurement of H couplings

I T T T T T T T T S
o
= Po._ °
0, Vs=7TeV ¢
= *NNLL Q — :
= C N 8
- ") ¢
- |5
Pp
QQH(NN |
e, 0 'O‘O\, LOQ D N 3
‘?/7 h/’s’(,v LOEW) .
(4/420 4"00 ]
Ly OOOK/V OO,‘/L, _
L
B ’f/m,(OQ Q0 ‘ 24 N
= €0 3
C | | I ! | | |
100 200 300 400 500 M. [G \1/?00
H e
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ttbar+Higgs (cont.)

lepton + 5jets +3

tags

CMS Preliminary, Vs =7 TeV, L = 5.0 fo’

8
« Search for associated SM Higgs
production: ttH(—bbar) o
» Both “dilepton” and “I+jets” channels of
— ATLAS results only for l+jets (~11 x SM) :

e Simultaneous fit for S and B fractions

" Wt (584.7)

— different categories: jet and b-jet multiplicity % g
» Use ANN to discriminate S and B * ' "ﬁhﬁﬂ

Bti+ce(128) Mt +0b(28.3)

L single t(23.0) It +W,Z (11.4) M EWK (8.5)
L —4—Data (736) [/ JSumMC (666.7) — {H120 ( 4.7x143)

“lepton+jet”:

— b-tagging information provides best discrimin.

02 03 04 05 06 07 08 09

ANN output

Lepton+Jets and Dilepton CMS Preliminary, Vs =7 TeV, L=5.0 fb”

—_
(2]

« Main background: ttbar(+bbar), Z+jets

o —e—

-
>

95% CL limit on o/ag,,
0

10f—eeeee

Observed

Expected + 1o

' Expected + 20

CMS HIG-12-025

oo

115

120

Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013



Michele Gallinaro - "The top quark: a tool for discoveries" - April 22, 2013 82



