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Contents

« 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: why do we care?

» Top quark mass is a fundamental
parameter of the SM

om,xlog m;,

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

 Discovered Higgs boson fits well with
precise determinations of m, and my,,
— Highly fine-tuned situation
—~1GeV is all it takes to tip the scales

* Run2 will likely allow for discrimination
between SM and MSSM scenario

« The fate of the Universe might depend on
Amy,,~1 GeV

; | T I T T T T I T T T T l T T T I T T T T I T j;
o - 68% and 95% CL contours | M world comb. = o S
o C | - m=173.34 GeV -
= 80.5 — Ml fit w/o M, and m, measurements | --0=076Gev P —
g N fit w/o M, m and M, measurements | | — © =076 ©050,;GeV d
— W direct M,, and m, measurements ' ]
80.45 [— =
80.4 |- 7 ) )
- M, world comb. = 1o - -
80.35 [— m,, =80.385 = 0.015 GeV - =
80.3 — -
- N : ]
: Q(’e 'f;\&c’e QQGQ, @d\\' - :
80.25 [— o N [e] fitter|su)®
i 0 4 L Lo 1 N
140 190
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Measuring the top mass

£ LO final state:

* It is challenging ' Fb

 Lepton+jets

— Undetected neutrino
* P, and P, from E; conservation
» 2 solutions for P, from M,,=M,,

— Combinatorics (leading 4 jets) experiment sees:
* 12 possible jet-parton assignment
* 6 (with 1 b-tag)
* 2 (with 2 b-tags)

—ISR+FSR
* Dileptons
— Two undetected neutrinos
— Less combinatorics (only 2 jets)
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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 quark 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 7y
e leptonic side event selection
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Lepton+jet channel

CMS Prellmlnary 19 7fb", Vs=8TeV, I+]ets

H . % " ticorrect - Zudets.. —
« Well defined final state & M = T
— one lepton, one neutrino, 2 b-jets, W—qq g 1°°°°5“ L E
« Compromise between large branching ratio § 8°°°5“”“ fltted top E
(BR=30%) and a good background rejection S T N L
4000}- maSS
2000
” >
A 7% 1 5=
E 25ooo_cms Pr:lcionr:r:ry 19.7 fb =1§1+J2t:g\.{“[flets — _ _ -~ % ] + &,“ .p‘\“"d’s +++++ M +++++[11
B WilJets ] =)
S -ttwrong | [ single top E A -~ 0 %00 300 400
é - Dnunmatched e Data ] / - _ 7 I+ it [GeV]
g 15000[— - ! . 5
ggj g fited W // Y

Mass

10000

o 15 T

2 [ ]

3 1 R

© L : b
o 0.5t Ly | ol

"0 50 100 150 200 250 300
mi [GeV]

N
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Lepton+jet channel

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

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

JES and top quark mass combine event-per-event likelihood
CMS Preliminary, 19.7 fb, |s = 8 TeV, l+jets

> —-—I ' J LML B B U) 10 contour
8 800 é + ATLAS - 1 01 2 =2cr contour
g 700 E_ - | + jets [ ]3 contour
£ 600F Ldt=1.041" 1.01
2 E P
wesoe 1 pra P 1.008
400 * Data
s JSF = 0.986 + 0.006
300 M, = 780+ 0.9, .5 GeV 1-008
205/ e 1.004
000" el
obl i e Rns 1.002
100 150 200 250 300 350 1715 179 1795
M [GeV) | m, [GeV]
=>m,,,=174.4 + 0.6 (stat) £ 2.3 (syst) GeV EPJC C72(2012) 2046
172.0 £ 0.2 (stat) £ 0.8 (syst) GeV CMS PAS-TOP-14-001 +0.4%
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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)
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Top mass: Reconstructed

Mass

CMS-PAS-TOP-11-016

» Select events
 Reconstruct mass

© T e T
E 700" Mg preliminary, V=7 Tev,_[ L=2.2fo"" WM tt dileptons
o ; ¥ other tt 3
600 —Events with ep Zly +jets— I
2 F Il W+jets ]
S 500(— I Single top —|
o F Di-bosons
400[— —
300 —
200 e M —
100 —

0

100 200 300 400 500 600 700 800 900 1000

m,, [GeVic?]

- T ‘ T | | IIIIIIIIIIIIIIIII
g 3
.g .1 - T T
I I Caaiil e s
' T IR A [ T T N
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Single top 247 + 92 182 + 68 88 = 33 76 = 29

Wjets 22 =10 16 = 8 8+ 6 -

Z/v* — bE 1091 + 97 756 = 71 238 + 29 47 =11

other tt 32+ 4 283 11+2 14 =2

tt dileptons 5057 =463 4209 = 385 | 1379 4= 127 2623 = 240

total expected 6522 4482 5246 £ 398 | 1742 4= 134 2765 =+ 242

data 6358 5047 1692 2620
:IIIII‘III‘IIIII'IIII‘IIIII'II‘I‘I_‘LIda‘hI‘I\III': ‘;\ T T T T T T T T T T T T T T LT T Ll T TT T T T
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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 =2 b-tags * Fit: Landau
5 U SIGNAL - < 008 + BACKGROUND -
L 4000 = — £ 0.007 - =
3500;_ mtop=172.5 GeV/02 _; :>j o,oosf— —f
3000 = — = -
B = 0.005|— =
E >2 b-tags - 0004 E
15005— _§ 0-0032_ —i
1000%_ _% 0.0022— _z
500;_ _E 0.001%# ;
90:) I I12|0I I I14|10I I I16|0I I |1£|30' I I2(|)0I I I22|0I I I24|10I I l26|0I I l2E|30I I I3:00 900‘ | I12|0I | -1);0- I I1(|30' | I18|0I | I2(|)0I | I22|0I | I2”|'0I | IZéOI | I25]30' I I%_OO

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

po i §2) T T T T T T T T T 7]
oc) 120 CMS preliminary, ¥s=7 TeV.fL =237 o S 140~ -
. & --data ==signal -~ bacxground ] @ [ + + bt ]
* Top quark mass is 109 1 bag (ee i) =k = 2 >iags (sowu
. m, =1 70.8_’_.)534 I 100 [ Nmo =10'0g.é-34 a ]
reconstructed in e Sy : ol ¥
. . N:u:w;rcu'n:=261 .5.0?')'144 : a0 -_ GACkground 2. __.
different categories e i E
- . | L
« Signal and background wof :
20 [ J
shapes =}
00 120 140 160 180 200 220 240 260 280 300 P8 120 140 160 180 200 220 240 260 260 300
Reconstructed Mass [GeV/c?) Reconstructed Mass [GeV/c?]
g1203..1...|-..'---|--.|- T | B Bl Bk — gzm_ T 'l"'l"'l"'l"'l"'I"'I"'I"':
o - : D 480 ;. -t
T 1 bitag (ew) 1 TR ; + =2Dbiags (en) 3
1oor m,, =174.6% % g 160 My =173.7, 5 =
: I\Lq“_,=777.0.;-: : : 140 :_ Nscral=1 461 '5-‘5‘5‘5 _:
a0 Negesro=111.972 i . Noacigrounc=60.655 3

60 10} =
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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 Am; (GeV)
Jet energy scale by
- Jet energy scale (JES) is the largest unc. b-jet energy scale g
— JES is varied up and down and difference in m is Jet energy resolution +0.14
accounted for as systema’fics | Lepton energy scale +0.14
— Flavor (b) spe.clflc uncertainty added in quadrature Unclustered E',l,_ﬁss 10.12
 Other systematics: b-tagging efficiency +0.05
— Difference with respect to reference sample used for _
signal Mistag rate +0.08
— MC: compare Alpgen and Powheg with Madgraph Fit calibration +0.40
— Vary factorization/matching scale, ISR/FSR Background normalization +0.05
Matching scale +0.19
Renormalisation and factorisation scale +0.55
Pileup +0.11
PDFs +0.09
Underlying event +0.26
Colour reconnection +0.13
Monte Carlo generator +0.04
Total +1.48

Michele Gallinaro - "The top quark: a tool for discoveries" - March 30, 2015 15



Final fit

CMS 2011, 5.0fb"at ys =7 TeV

EPJC C72 (2012) 2202

S 450 -
) ~ —— Data Aé > 2 b-tag 1 b-tag]
(D - | (ee+up) . (eu )"'
o 400 - — ti signal 3 4 o) '
~— - + < cambin
; 350F Total background o [ !
— — 3
N : s
Q® 300 %
L - 21
250 -
[ 1= ~\ .
— 1 b-tag™s . ! ," > o
200 - feeﬂﬁ‘%,'\\ » (epl?gs
= %489 770 171 172 173 174 175
150 Top quark mass [GeV]
100
50
: L I L1 1 l L1 1 l L1 1l l Ll 1 l L1l l /- l Ll 1l l | - l L1l

?OO 120 140 160 180 200 220 240 260 280 300
Reconstructed Mass [GeV]

m¢=172.5 0.4 (stat.) == 1.5 (syst.) GeV
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CMS mass combination

19.7 b (8 TeV) + 5.1 fb™ (7 TeV)

CMS Preliminary

I I I I I I |

CMS 2010, dilepton ® 175.5 + 4.6 + 4.6 GeV
JHEP 07 (2011) 049, 36 pb'1 (value = stat + syst)
CMS 2010, lepton+jets ® 173.1 + 2.1 + 2.6 GeV
PAS TOP-10-009, 36 pb™ (value = stat = syst)
CMS 2011, dilepton . 1725 + 04 = 1.4 GeV
EPJC 72 (2012) 2202, 5.0 fb™' (value = stat + syst)
CMS 2011, lepton+jets . 173.5 + 0.4 + 1.0 GeV
JHEP 12 (2012) 105, 5.0 fb™' (value = stat = syst)
CMS 2011, all-hadronic . 1735 + 0.7 = 1.2 GeV
EPJ C74 (2014) 2758, 3.5 fb™ (value = stat + syst)
CMS 2012, lepton+jets - 172.0 + 0.1 + 0.7 GeV
PAS TOP-14-001, 19.7 fb™ (value = stat = syst)
CMS 2012, all-hadronic . 1721 + 0.3 + 0.8 GeV
PAS TOP-14-002, 18.2 fb™ (value =+ stat = syst)
CMS 2012, dilepton I 1725 + 0.2 + 1.4 GeV
PAS TOP-14-010, 19.7 fb™ (value = stat + syst)
CMS combination ’ 172.38 + 0.10 = 0.65 GeV
September 2014 _[ooal......_.. (value xstat +syst)
Tevatron combination . 174.34 + 0.37 = 0.52 GeV
July 2014 arXiv:1407.2682 (value = stat + syst)
World combination March 2014~ —@— 173.34 = 0.27 = 0.71 GeV
ATLAS, CDF, CMS, DO (value = stat + syst)

1 I I | NN M R S S S B [
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m, [GeV]

CMS-TOP-14-015

dilepton CMS combination, Sep. 2014
® 172.38£0.10+0.65 GeV
(valuetstat.tsyst.)
180_ 2010 2011 2012
36 pb! 5 20 fo!
7 TeV 7 TeV 8 TeV
— lepton+jets CERN Courier, Nov. 2014
% Il jets
S lepton+jets L dilepton
-
|l I % b
/ s
dilepton lepton+jets
170 ’
alljets
I I I I
2011 2012 2013 2014
year

‘mt = 172.38 £ 0.10 (stat.) & 0.65 (syst.) GeV
+0.38%
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Mass: Run 2 and beyond

CMS-FTR-13-017

imi 2 : == Std. meth. == Endpoint
CMS preliminary projection td. meth. = Endpoints

* Might be able to measure m,, ~: — Soofb_"""" ;:ofb :
with a precision of 200 MeV o ("™ 13 TeV 14 Tov ey
- Differential study of m,, % 3'5: :
- Differential cross sections with '€ 3' E
full NLO tools £ 2.5F .
» No truly dominant systematic & N3 E
uncertainty § - -
 b-fragmentation studies 1.51 -
—Measure in-situ in ttbar events g 1 _ -

. Interpretati(_)n V\(iII require theory E o5k E
understanding improvement C ]
of ]
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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=19/fb)

— Compare mass measured from u*/u- +jets

CMS-PAS-TOP-12-031
— Use hadronic side

CMS Preliminary, 19 fb" at Vs = 8 TeV [l CMS Preliminary, 19 fb”" at Vs =8 TeV [l
> 25000. TTTTTTTTY T T T T T T ITTTITT -W+jets > 25000_ "'l""l""l""l"_"!""l""l" -W+jets
3 : T+ets Wziets | & : [+ets B Z+jets
o 20000F i N .| Single-Top| = 20000 - .|l Single-Top
N QCD N QCD
~ -~
£ 15000 +Daa | "% 15000F ~-Data__
] ] & ]
i 10000F e 4 @ 10000} | | 1 Dominant systematics:
F L R : | e i
5000 | - 5000L oo * bvsbbarjetresponse
i : ; { » signal fraction
O 14 } ¥ ¥ ¥ ¥ O 14 L oo 11 v ]
g3 *,_.;.;..'_..."..;._."....f.-;..".‘,w,mf,'H*;Hi;- 3 A e i e b vs bbar tagging
s 08| - — i T 08 f _— }
(=) 06 e e T T T e e T e e s (=) 0.6 T T e T T e N S e e N oo e
0 100 200 300 400 500 600 700 800 900 1000 0O 100 200 300 400 500 600 700 800 9S00 1000
Fitted Top Mass (GeV) Fitted Top Mass (GeV)

Am, = mthad — mf_’“d =-272+196 (stat.)+=121 (syst.) MeV
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Top mass from cross section

PLB 728(2014)496

* Direct m,, measurements rely on  _ \s=7TeViagmp=-o0t184
. . . . 0 N ' -
details of kinematics, reconstruction, & po0 R —— CMS,L=231b"
. . - LN - === TOp++ 2.0, ABM11
calibration C “ims Top++ 2.0, CT10
« Extract mass from cross section 200" Q. [ f e Top++ 2.0, HERAPDF1.5
— determine top quark pole mass using the LD % Top++ 2.0, MSTW2008
. P9 P . 9 . 180 — e Top++ 2.0, NNPDF2.3
experimental ttbar production cross section - R

« Comparatively large systematics 160\ |

* Pole mass vs reconstructed mass

 Results consistent with standard
measurements and EWK fits 120 e

4 4 4 L l I 1 L l | 1 il 2 I |
. 165 170 175 180 185 190
— Constrain ag at the scale of the Z boson mass m{)ole (GeV)
and derive m, Pole

— Constrain m,, P to the measured value and
derive ag

Illllllllllllllllllllll

140

2012

L _Tevatron

- ‘r
- "
,,,,,

Mg, =176.7735 GeV

as(mz) = 0.115175;003

=|t works but the uncertainty is large

Michele Gallinaro - "The top quark: a tool for discoveries" - March 30, 2015 20



Not just cross sections

"core" tt region, e.qg.,
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" - March 30, 2015
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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
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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" - March 30, 2015
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Spin correlation

CMS, 5.0fb" at Vs =7 TeV
AL IIIII IIIII|IIII|IIII|IIII|IIII|0—

. . . . C  W.Bernreuther & Z-G.Si —¥— (Data-bkg.) unfolded ]

« Access spin information via the angular gt °5‘<w'"> Syst uncerainy
distributions of its decay products SR S
— Most sensitive probes are leptons/d-type quarks L 04 | :

 Strategy: fit A¢ dilepton distribution

— binned SM distribution and with uncorrelated spin

distribution 025 o

| ariv:1311.3924 :
A m i Ve A TS
Niike + Nunlike A (racians)
ATLAS Preliminary ti spin correlation measurements | 3,
 Translate result to maximal/helicity basis JumsnlEerr o = <0 |
« Main systematics: ISR/FSR and signal @ e tieomeots g
modelling S-ratio - - 087 011 =012 | Z
» Results in agreement with SM o ———  umsom.0m §
I e omeonon |

0 05 1 15 2
Standard model fraction
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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" e paron-love 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
o2 [ LMﬁ r:«;i: 'f q 2)x10™ (GeV/c?)" //
1 0al-
0. 0 - Rl ————————————""
L 0.2
-02 T
A | | | | ! 1 |
t g50 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 T = 2 T & % = 5.7 %3 &) Sl AL B =
e [ 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 TeV 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 ITTTTS \
- [(Muttijet 4 i 1
- - | — — -
[ ] or | ]
5000— < i :
: 0.05} -
0 i DA [ I T B RS
-4 -2 0 2 4 300 400 500 600 700 8200
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 77 2007 oot 1503 ANN L LB L 0-15:'"[""I""I""I""l""l""_

0.05

-0.05 __ ........................................................ Q0. 777 k7Z 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 11 1 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, butis it really 100%7? «

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 ¢,

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
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Measure V,

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

U
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s BR(t—>Wb)~100% ?

N.Cim. B125(2010)983, PLB 736(2014)33

BRIZWE) 4y 2 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)

 Inthe SM, R=

Measure R simultaneously with ttbar cross section:

Oppsi(pb) | 7.4£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-!

|Vib|=0.95%0.02 (stat+syst) *jets & dilepton
N q |th|>0_88 @99_7% CL PRL 107, 121802 (2011)

Not yet sensitive to SM
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Measure R in dilepton channel

N.Cim. B125(2010)983, PLB 736(2014)33

» Probe heavy flavor content of ttbar events  Selection:

» Use ttbar dilepton final state — 2leptons+ 22 jets + MET
— no b-tagging in preselection

BR(t — Wb)  Clean signature
BR(t = Wq) * Goals:

— measure g(b) and R

« Advantages:
— less background R

cws, \(§ 8 TeV, [Ldt=19.7 fb"

CMS (unpublished), Ys=8 TeV, |L dt = 19.7 fb" s T T T T
2 12m 1 ] T l L] T T L] l T LA l 1 1] T T l T T L] T l L] ¥ T L] I T L T ] L] L T 1 T -+ .:' : D O b tags
c N ee events My events | "2les ey events N ® 0.9F
5 ; ; : £ 0% [-1bug
W 10000 — pre-fit model — S 08F [ ]=2b-tags
- : 3 . > - _
"~ — post-fit model ' ; ] w 07 - [ = 3 b-tags
== — R o =4 b-
8000[— o Data . : I = 4 b-tags
L ] 0.6
6000 |— <3 jots ] 3
- ; =2 jots — E
4000 ,_- ' — 0.4 :
- i 0.3F
L L o -
2000 — - 0.2
C - P L1 1 1 - 11 L1 1 I 11 N 0-1 :__
0 5 10 15 20 25 30 35 40 45 C .
b-tagged jet multiplicity % 02 04 06 08 1 12

R=B(t—>Wb)/B(t—Wq)
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Signal or background?

N.Cim. B125(2010)983, PLB 736(2014)33

Data-driven determination of background £ 016 Mo Simulation, s =8 TeV
» Reconstruct lepton-jet invariant mass g 0_145_ [ ] correct pairs
— Correct assignment \g‘ﬂ" [E] misassigned pairs
0.1
........... 0'08; o
— Wrong assignment g 0,065_ :
\\M:— l
0.025—
0 00

Lepton-jet invariant mass [GeV]

 Use tail to model background in signal region
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Signal vs. background

N.Cim. B125(2010)983, PLB 736(2014)33

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

CMS, {s=8TeV, [ Ldt=19.7 fb”"

eu + 2-jet events

800— ® Data

[oorrect pairs after background
[:| misassigned pairs Su btra Cthﬂ

Lepton-jet pairs / GeV

w

<

o
1

400

Lepton-jet pairs / GeV
8

100

200

L | n [l 1 | N
0 200 400 600 800 1000
Lepton-jet invariant mass [GeV]

0 200 400 600 800 1000
Lepton-jet invariant mass [GeV]
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Heavy flavor content

N.Cim. B125(2010)983, PLB 736(2014)33

 Fully data-driven measurement
— b-tagging multiplicity parametrized as function of R ¢, ¢, top contribution
— Number of reconstructed t—=Wq is estimated from lepton-jet invariant mass
« R=1.01£0.03 (stat.® syst.)
— Lower boundary with confidence interval @95%CL after requiring R<1 = R>0.955 @95%CL

CMS, Vs=8TeV, [Ldt=19.7 fb”

12000

12
§ ee events : uu events : 2jets ey events
w e Data | .
10000 Ola : |
tt I I
8000 []Single top quark | I
[]Z- 1l (data) : :
6000 8w ! ! 3jets
Bl W, muttijets, other ff | :
: 2 jets
a000 21918 : !
2000 4 jets

0123401234012340123401234012340123401234012314
b-tagged jet multiplicity

Obs./Exp.

R 1 B T PP T

N 1N N T N N N N N N
0123401234012340123401234012340123401234012234

b-tagged jet multiplicity
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Measure R

N.Cim. B125(2010)983, PLB 736(2014)33

CMS, \s=8TeV, [Ldt=19.7 fb™

‘< 3_ LI I LI ] L l T 1 1 I LI | | | L 4_‘
s £ 30000F = —e—m / H
! - o g ] o a0
05l (T} 25000¢ /i ]  Variation of the likelihood used to
S 20000} measure R from data
A 15000¢ i * Fit different categories
2—\ 10000f —
-\ g i
- \ 5000f -
15l "o e s /[ ]
~L 0\ b-tagged jet multiplicity /- i
E \\ ~—— combined // E
L R -
i \, |
0_1 l |1 1 l 11 1 N-J—-l 11 1 l L1 1 l L1 1 l—
094 096 0.98 1 1.02 1.04 1.06 1.08

R=B(t— Wb)/B(t— Wq)
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Summary of R results

CMS Preliminary August 2014

CMS tW, 7 TeV, 4.9 b, PRL110 (2013) 02203

. 0. Y H & 1
1.010 * 37%0 (exp) * 2020 (th)
CMStW, 8 TeV, 12.2 fb", PRL 112 (2014) 231802 L °
1.030 + 0.120(exp) + 0.040(th)
CMS t-ch., 7 TeV, 1.17/1.56 fb", JHEP12 (2012) 035 |

—e—

1.029 + 0.046(exp) + 0.017(th) :
CMS t-ch., 8 TeV, 19.7 b, JHEP06 (2014) 090 " o -

0.979 + 0.045(exp) + 0.016(th)

CMS t-ch., 7 and 8 TeV combined, JHEP06 (2014) 090 | Most accurate
0.998 + 0.038(exp) + 0.016(th) e _ measurement

CMS tTR,, 8 TeV, 19.7 b", PLB 736 (2014) 33 o /

1.007 + 0.016(stat+syst)

0.5 0.6 0.7 0.8 0.9 1 11 12

v |
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b-tagging efficiency

) CMS BTV-12-001
CMS, 2.3 fb"at /s=7 TeV

« Can determine b-tag efficiency and/or R

2 (b)
- b-tagging efficiency measured Sos——>
— (assume R=1) u;’ o.e:—
 absolute b-tagging efficiency measured ﬁ 045_
from data and predicted from simulation e
0.2+ Monte Carlo Truth
+ Ratio of data/simulation T Messwedaue S
* Total (stat.+syst.) uncertaimﬂ T REEEE LS
O'gsﬁl‘-»—l_;V_l ______ TTI Wl et T

1 11 1 L1 11 1 1 1 L1 11 [ L1 11 I L1 1 1 L1 |' I .
0O 01 02 03 04 05 06 07 08 09 1
CSV Discriminator Value
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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) | ee e + 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 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
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Charged Higgs

« Study non-SM Higgs in two mass
regimes:

* Low mass: m<my,
—Mostly produced in top quark decays
—Large tanf: H*=>t*v
—Small tanp (<1): H*—=»cs

* High mass: m;>m,,
—Produced in gluon-gluon fusion
—Main decays: H*=+tb, H*=»>t*v

* Main backgrounds: ttbar, W+jets

—
L]

107k

—
e
N

Branching ratio of H" decays

.
e
w
|

su
l llllllilllll'l

[1AY T—

W*h°

Michele Gallinaro - "The top quark: a tool for discoveries" - March 30, 2015

lllll LA L LA L
120 140 160 180 200 220 240

10260 580
m,.(GeV/c%)

44



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=7TevV 21fb" CMS

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

> E e WW (tE - W'BWB)

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

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

600F
500
400F
300F .
200/ .
1005
P AL, SO R e e S T
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 dilepton channel

PLB 739(2014)23

Reconstruct mass in ttbar events with taus CMS Preliminary,o, summary, /s = 8 TeV  Augustzors
19.6 fb'' (8 TeV
>1200_ll']l[]|lI‘|TI]II‘II']III]IISIICI])I_
8 - CMS —+— data R
© 1000 - = g ;ILTht:)r(\s - CMS dilepton (ee,up,en) 239+ 2+ 11+ 6pb
A : - DY"‘diF;)OSOﬂ : JHEP 02 (2014) 024 (L=5.3/fb) (val. = stat. + syst. + lumi.)
=~ | [ single top |
2L gool- J misidentifiedt, _
S L total uncertainty
o i ]
L i ] CMS prel. e/u+jets 228+ 9+2 +10pb
600 B ] TOP-12-006 (L=2.8/fb) (val. = stat. = syst. = lumi))
i _ I, q
- § w*
4001~ . =, 7
i T J
- - t _— CMS e/u+t 257+ 3+24=+ 7pb
200+ — b arXiv:1407.6643 (L=19.6/fb) (val. = stat. = syst. = lumi.)
— NNLO+NNLL (top++ 2.0), PDF4LHC, m o= 172.5 GeV
1 00 1 50 200 250 300 350 400 450 Czakon et al.‘.PHL 110 (2013) 252004, arXiv:1112.5675 (2013)
My, [GeV] e orea, wcasahy
I | | |
0 100 200 300 400
Good agreement between measurement and predictions o(tt) (pb)

0y = 257 £ 3 (stat) £ 24 (syst)+ 7 (lumi) pb +10%
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Is there a charged Higgs?

JHEP 07(2012)143, CMS-HIG-12-052, CMS-HIG-14-020, CMS-HIG-13-026

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

:. 0.4-_'“'!:':[‘"'I“"I""' """" | MRARY LR !""_: B . _56M§I|Illll|l;l_l)l|.l':bllkiI.I_)IIT‘\II lllllll & —.—observed
N g ; :lt::ger-\t:ﬂz:d(:eV] 2 f;:r i Preliminary 7, +jets final state = 18 ... median expected
0.35 3 DY +jets Z. LE 0.021- —=— Observed N % 16 [ = 1o expected
0.3F = Singlo . E - #5 Expected median + 16 { 1 [ ]+ 20 expected
“F & othertt  80< my+ <160GeV{ 77 Expected median +20 ] = m{°% scenario, tan=30
L 1 o o
0.25 3 S bkg tofal unc. B @ 0.015 4+ 4 x 12
02- |:"jslgnaltotal unc. S S t — H b i re] 10 pp —) t(b)
“f B(t—=H") =005 = L> + 11 \_) b
0.15f - E 0.0 T v 1 £ 8 t
- - ] E 6
01F 7]  sa O &
: 0 4
0.05F & 0:005
» 2
0 | L L L L L L L L L L L L l L L L L
0.1 012 0-3 0-4 0!5 0-6 0-7 0-8 0-9 1 llllllll l L1l l Ll L 1 l L Ll l Ll Ll l llllllll 0
plead-track/ET 090 100 110 120 130 140 150 160 200 300 400 5°|3| G 300
m,, (GeV) wlGeV]

Yields in agreement with expectations = set limits
my: 80-160 GeV  B(t — bH™) < 1.2-0.6%
200-600 GeV o(pp — t(b)H") < 4-1 pb
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ttbar resonances
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How else is top quark produced?

Standard Model LHC Single Top Production

For single top:
see A. Onofre,
Next lecture
April 13, 2015

q t g t

7 5 b W

64.5773:9) T13ipb 46340077312 pb  15.74 £ 0.40711$ 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 P°07?°°7
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Top quark pair resonance

* No resonance expected in SM

* Why is the top quark so heavy?
— new physics?
— is third generation ‘special’?

— couples predominantly to 3rd generation
quarks

« Top quark 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 20l ... 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

ATLAS ® Data
ut B \W+jet

had J Ldt=46f" BlZotc

B Z-up
\Vs=7TeV Multijet
tt
= Eww
Single Top

v (500GeV)

 search for massive neutral bosons decaying via a ttbar
quark pair

 use dilepton/lepton+jet final states (electron and muon)

— Reconstruct My, . in different categories (e/u, n-jets, n b-tags) 0L
— |+jet events: full event reconstruction
— Dileptons: use NN approach to improve S-B separation

10°
10?

Events / 10 GeV

107
» systematics include shape (JES, b-tag, theory model) = F
: ¢ 15 JHEP1212(2012)0
and rates (eff. bkg yields) B Nl
CMS Preliminary, 19.6 fb™, Vs = 8 TeV °-5_:+'1 e
S 107
= 3 N Wl
2, 10°E - _
= i _— e reV/c? (1%) = is=8TeV " Obs. 95% CL upper limit
()] 2| [ @ 4@ mmees Z 2.0 Tev/c® (1%) = 10 Ldt=143%" Exp. 95% CL upper limit
> 10°E 2 J p
) S U Z' 3.0 TeVic® (1%) 0 Exp. 10 uncertainty
- Uncertainty < |+ets Exp. 2 0 uncertainty
B e O CMS Data 2012 g«’ 10? . J ----- Kaluza-Klein gluon (LO)
10 S pejets, N >1 @ ATLAS Preliminary
: 10 R
; : s
. 1
ik . booste
- e 10°
10" I R
0 1000 2000 3000 4000 5000 102

05 1 15 2 25

M_[GeV/c>
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Searches for tt/tb resonances

Two benchmark models considered:

 Leptophobic topcolor Z’
=> narrow resonances Z’, Gy q J
. .,

» Kaluza-Klein gluons from Randall-Sundrum AA

models 5 - - .
W sth W 5tb b4
= broad resonances
CMS, 19.7fb", \s =8 TeV CMS Preliminary, 19.6 fb” at Vs = 8 TeV
LINL LI LI DL NNLAY LA NNLINL Y BNLONLNNL LB LR L LA UL L L L
> i +D“:“ e-To)
o 1(:)4 utjets Nb tags o =$~?\:?;JJ-3'I'+VV
0 > T W', x 20, m=1.8 TeV
== Wy x 20, m=2.0 TeV
g & 10° b ooz
~ 8 102 BZZ] Uncertainty
7] ~
R
c (20
g c
w 2
LLJ
10
: o ol L L L L
| =
: I
10" io'; |||||||||||||||||||||||||||||||-
1000 1500 2000 2500 3000 3500 E 500 1000 1500 2000 2500 3000 3500 4000

() M, [GeV] M(tb) [GeV]
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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 ! =
02} 02 Rl
:_ - - . ::_ n -
0.4f e M At .
0.6/ ) 0.6 : 3
_0—11111111111111111111111T111111 _0_1111111111111;1111111111111111
1%.8 06 -04 02 O 02 04 06 08 '-%).8 06 -04 -02 O 0:2° = 0450 (LGSR
An An
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Jets and boosted topology

Hadrons are
clustered
together to
make jets
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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

Merged Jet
Mass jet ~ M
A

top

* At LHC energy, EWK scale particles produced beyond threshold
« Jets are highly collimated
» Decay products and FSR collected in a fat jet
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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

s
irs (T —— L W jet
< ‘

« Moderately boosted top: three Rk
hadronic decays of the top are ol
merged in one W jet plus and ™~ ' Type |+2

one b jet candidates
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Boosted top topology

o~
§160
© 140
O]
wn 120
~
©“100

Tested using hadronic top in lepton+jet
ttbar events

W mass peak o

Top quark mass peak

CMS EXO

MS,L=46fb"at Vs=7TeV

-11-006

c

T

Illlllllr

mSA™ = 83.0 = 0.7 GeV/c?
mi® = 82.5= 0.3 GeV/c?
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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

Michele Gallinaro - "The top quark: a tool for discoveries" - March 30, 2015 64



SUSY and 4t generation
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Top as window to BSM physics

Top quark affects stability of Higgs mass Contributions grow with A:
W/Z h m2 = m02 4 gZAZ

t
_’Q > - _’_%NW% T Cancellation?

* “low” value of Higgs mass is a problem

* Virtual SM particles in quantum loops contribute to Higgs mass
» Ad-hoc cancelations are needed to keep the Higgs mass <1 TeV

Problem:
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Top as window to BSM physics

Top quark affects stability of Higgs mass Contributions grow with A:
t W/Z IJ m2 = m02 4 gZAZ
“Q o "‘%Nw% i A i Cancellation?
Solutions:
* Naturalness: There is no problem

» Weakly-coupled model at TeV scale
—New particles to cancel SM divergences
—Top partners: new scalar/vectors coupled to top, exotic top decays

 Strongly-coupled model at TeV scale
—ttbar resonances, bound states, 4-top production, etc.
* New space-time structure

— Introduce extra space dimensions to lower Planck scale cutoff to ~1TeV
— KK excitations
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Scalar top quark

- SUSY is one plausible extension of the SM X1

* due to the heavy top quark, mass splitting between t,
and t , can be large, such that the lighter stop t , can X1 2,
be even lighter than the top quark W_

» Decays dictated by mass spectrum of other SUSY ~— £

. i.e. similar N
particles e
signature as in

ttbar

* Light stop:

< my

Y

mgl

t—> byt — bW)??

* Heavy stop:

t— tX; — bWi?
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Top and SUSY

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

* Direct stop production
: = ~0 ~0
« 1st and 2" generation squarks can be very heavy t—tx; — bWy
. L] L] L] L] L] ~ ~ + ~ O
Similar to ttbar lepton+jet and dilepton final states I— by — bWxi
t, production, t,> 17 /{> Wb, /> c %, Status: SUSY 2013 CMS is =8 TeV, [Ldt=19.51b"
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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)

P
]
3
s
2
E
2

-i

g PB1E. (b1 (Br)
25

20

e
== Dara (322 pb") A

L Titm=150 GeVic ',.:
0 R
- QcD )
B .
[:] o 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 < @666 e < T
b ! B

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

)x Bré( ;> bt ) [pb]

~T~

o(pp-tt,

-

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

l

Nl_o(prs—> tz) Bf( t1—>b‘t)— 100%

-

95% C L. observed upper limit:

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

L
.....

=2
Number of jets

120 130 140 150 760 170
m- [GeV/c?

Michele Gallinaro - "The top quark: a tool for discoveries" - March 30, 201



Multi-top production

» Production of 4 tops is an attractive scenario
in @ number of new physics models

« The SM cross section is a few fb

tEEx 0 O

« Search for same-sign dileptons
» Several models studied

 consider multiple search regions defined by CMS (s=8TeV,L_=19.5"
MET, hadronic energy, number of (b-) jets, £1s

High-pT signal regions with = 2 b-tags

and transverse momenta of the leptonsin 3 16f ¢ Data
€14 [__]Rare SM processes
the events 0>-> 1 45 Il Charge misID
w12 ¢ I Non-prompt e/u
10 :_ 72/, Total bkg uncertainty
8 arXiv:1311.6736
6
4
2
0

SR21 SR22 SR23 SR24 SR25 SR26 SR27 SR28
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ttbar+Higgs

e {tbar produced in association with H

—ttbar is a “clean” tag

« direct measurement of Higgs couplings

Cross section for ttH at the LHC:
0.13 pb (8 TeV)
0.61 pb (14 TeV)
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« Search for associated SM Higgs production: ttH

ttbar+Higgs (cont.)

CMS

arXiv:1410.2751

\s=7TeV, 5.0-5.1fb"

bb,tt,yy WWZZ /s =8 TeV, 19.3-19.7 fo"

s !
“ g » T ”» bw s C —e— Observed
- BOth dllepton and I+JetS Channels g 85._ ............. Expected (Slg. |n].) ..................................... ,\ ..........................
. . . o - ; :
« Simultaneous fit for S and B fractions g 7E| B Expected o 4B times SM
] . ) ) . = F | isees Expected = 20 : P !
— different categories: jet and b-jet multiplicity. o °F : : /
P -] S L /A OB RRNE S
"o} = :
T T T T T T T T T ) [e)] -
§ 1_ [ _E;a; 45_ ................................................................................................................................................
5 - bb WW . z 3 :_________..-----.....____,_____ e ""“”."
— ] 8 2
g i -; 1
O .A 3 =
':-101 \ ZZ ?1?)| I115l — '120' I l125| — '130| — I135 I(C—l“ l\})40
‘ my (Ge
c -~ . i , CMs Vs=8TeV, 19.3-19.7 fo"
a - . . _ tiH, H—bb, vy, WW, 2Z
D402k N i PR m,, = 125.6 GeV
(&) = = 2
I - ] S
i i = &
10° .
- N . LT
B ] -
‘ | Z ————— + Best fit
4 | \ , L 2F L —68% CL
10750 200 300 400 1000 : & S Higgs
M, [GeV]
Michele Gallinaro - "The top quark: a tool for discoveries" - March 30, 2015 Ky 73



Cross sections at the LHC

o LHC Vs=14TeV L=10%cm?s™ rate ev/year
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