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Top: the heaviest particle A= eETEaT Y

o
o o P84

» Top is by far the heaviest quark and the heaviest e
particle ever observed . B =" Name: Gold
25 ymbol: Au

. Atomicn.: 79
As heavy as a Au atom! 5, Atomicn

» Top mass is clos to the Electroweak scale

LM = YIMEH oy = Y2 51T g5 0

\/§ ¢ v 246

» Unlike all other quarks, it’s heavier than the VV, so it can decay into a real
W:t — Wq

» Top lifetime is shorter than the typical hadronization time

‘ 2
G pm; M3, M3, 20 (27% 5 o4
f=m=——(1— —5 I+2—) |1 - — — = ~ (0.5 x1 S
! 87V2 ( m? m? 3m 3 2 '_} 7~ 0.5 0

Top decays before top-flavored hadrons or tt-quarkonium-bound states can form
(T,g= 105s ~20 x 1)

It’s a unique opportunity to study “bare” quark properties
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Top mass and Higgs field stability
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Top history timeline

>

|977 — b-quark discovered, top quark hypothesizes
as weak isospin partner and 6 quark to complete

the three SM generations

1980-90’s — direct search in e*e™ colliders, increasing

limits on the top mass
~1990 —

precision EWK measurements

m,?, In(

Corrections Ar ~
EWK predictions

1995 — discovered at FNAL by
CDF and DO in direct top-pair

production

24 feb: papers submission:
PRL 74,2626-2631, PRL 74,2632-2637

indirect estimate of quark mass from LEP
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Top mass history

250 History of the Top Quark Mass Measurements
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Top mass history (Tevatron)

250 History of the Top Quark Mass Measurements
B indirect EWK data
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Top mass history (LHC)

Top Quark Mass (GeV/c?)
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JHEP 07 (2011) 049, 36 pb" (value = stat = syst)
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CMS 2011, dilepton . 1725 04 £1.4 GeV
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CMS 2011, lepton+jets . 1735 £ 0.4 £1.0 GeV
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Czakon, et al..:
PRLI10(2013)252004

Cacciari et al.:
PLB710,612 (2012)

Top production at hadron colliders ..

arXiv:1210.6832 (2012)
. . . N. Kidonakis:
top-pair strong production gg dominates at LHC (85%) over qgbar (15%)  srossaornosisos,
PRDS81(2010)054028 (2010),
PRD82(2010)054018,

g aE‘ : t g 'm t q t arXiv:1205.3453
g t et : : t

9 “00000 q

single-top electroweak production

t channel t W channel s channel

q' q
b w q t
+
w b w
b A t
' ) g t q’ b
g b

| | tch | tWch | sch. | &
Tevatron (pp) 2 TeV 2.08pb  0.25pb 1.05pb  7.08pb
7TeV 64.6pb 15.6pb 459b  172pb
LHC (pp) 8 TeV 87.6pb  22.2pb 5.55pb  249pb
14TeV  248pb 84.8pb 11.9pb  954pb
10 (x3.2) (x3.8) (x2.1)  (x3.9)




Top decay and final-state particles

4

The SM values for top coupling to other quarks
(Cabibbo-Kobayashi-Maskawa matrix elements) are:
|th|z l, |vtd| ~4x107, |vts| ~4x107

—> Top quark decays ~100% of the times to Wb

W decays from t—VVb dictate top event signature

Hadronic W decay: I*, g
Non-b jets are present in the event w* v, Q'
Leptonic W decay —_
Neutrinos accompany leptons b

Possible final states of a tt"*—VWVVbb events:
Dileptonic (e, p): ~5%
Leptons + jets (e, u): ~30%
All hadronic: ~45%

Two or more hadronic jets from b-quark
fragmentation are present in a tt®" event

w+ DECAY MODES Fraction (I';/T)

ity
etv
ptv
v

hadrons

(10.80+ 0.09) %
(10.75+ 0.13) %
(10.57+ 0.15) %
(11.25+ 0.20) %
(67.60+ 0.27) %
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Typical ttPar—lepton + jets event at LHC

Q
Jet
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Total weight : 14,000 tonnes
Overall diameter : 5.0 m
Overall length :28.7 m
Magnetic Field : 3.8 T

LHC experiments: CMS

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0m Pixel (100x150 ym) ~16m* ~66M channels
Overall length ~ :28.7m Microstrips (80x180 ym) ~200m?* ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m* ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)

Brass + Plastic scintillator ~7,000 channels




Reference system, (pseudo)rapidity

CMS DETECTOR STEEL RETURN YRKE
Total weight : 14,000 tonnes 12,500 tonnes y SILICON TRACKERS
Overall diameter : 15.0 m

Overall length :28.7m
Magnetic field :38T

v = i)
6

MUON CHAMBERS

XPRESHOWER

CRYSTAL
ELECTRO ETIC
CALORIMETER (ECAL)
~76,000 scintillating PbBWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels

~ — —lntan§ for m ~0

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

Silicon strips ~16m?* ~137,000 channels

Is LHC ring center)

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

boost reflects
nslation of the



Detecting final-state particles

I | | |
Oom im 2m im
Key:
Muon

Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)
----- Photon

Silicon
Tracker
' Electromagnetic
};’ " Calorimeter
"’
Hadron Superconducting
Calorimeter Solenoid

Iron return yoke interspersed

Transverse slice with Muon chambers

through CMS

[
| D Bamaey, CERN, Febrigury 2004
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LHC experiments: ATLAS

Tile Calorimeter Liquid Argon Calorimeter

SCT Tracker Pixel Detector TRT Tracker



A top candidate event

’

“ Run Number: 160958, Event Number: 9038972
Date: 2010-08-08 12:01:12 CEST

B EXPERIMENT




A top candidate event | (

4 "3 | Hadronic jets:

Run Number: 160958, Event Number: 9038972
Date: 2010-08-08 12:01:12 CEST
| . L




A top candidate event | (

Run Number: 160958, Event Number: 9038972

Date: 2010-08-08 12:01:12 CEST
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» Number of signal (tt®*") and background (WW

and Z/y*) events can be determined 2001

simultaneously from data using the distributions oS e Tomed

of ME; and N, < s +, Tt 1]
£ 1

20 Luca Lista 8 % E

0 20 40 60 80 100 120 140 160 180 200
ET™ (N__ = 1) [GeV]



waw [0]

Top-antitop cross section

>

From the signal yield in data, a fiducial cross section is
first determined within kinematic boundaries

E-(e) > 25 GeV, [n(e)| < 2.47 (excl. 1.37<[n(e)|<1.52)
pr(w) > 20 GeV; In(w)|< 2.5
pr(jet) > 40 GeV, [n(jet)|< 2-5

The fiducial cross section is then extrapolated to the
entire phase space assuming the acceptance from the

)
o . o
a generator simulation (MC@NLO) o
evt fid ©
tot __ N O%
Tt

_5><A><B><£ AxB
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F ¢ NNPDF23-NLO . b
@ ATLAS Best Fit
= — ATLAS 68% C.L.(th. extrap. unc.) —
— . = ATLAS 90% C.L.(th. extrap. unc.) / : 5
F—— ATLAS 68% C.L. b
..... ATLAS 90% C.L.
L Total §

| cross section

501~ .
acceptance branching | |
»  Results: (kinem. + geom.) fraction i |
ofd = 2730 + 40(stat.) £ 140(syst.) 4 50(lumi.) + 50(beam) fb | ‘ o
fot 0.7 . o 150 200
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tt results and LHC combination

» Results in agreement

with theory predictions
ATLAS+CMS Preliminary o,z summary, \s=8TeV TOPLHCWG Sep 2014
....... NNLO-+NNLL (Top++ 2.0), PDF4LHC —_—

— stat. uncertainty
=— = = total uncertainty
O +(stat) =(syst) =(lumi)

my,, =172.5 GeV
[ scale uncertainty
scale ® PDF ® a4 uncertainty

ATLAS prel., e/utjets
ATLAS-CONF-2012-149, L,,=5.8 fb”

v int’

241+ 2+31+9pb

CMS prel., e/u+jets —io
CMS-PAS TOP-12-006, L,,=2.8 fb™

int™

22892,

Tz 10 pb

CMS, e/u+'|:h
arXiv:1407.6643, L, =19.6 fb"

int

257 +3+24+7pb

ATLAS, dilepton en

2424 +17+55+x75pb
arXiv:1406.5375, L,,=20.3 fb"

int

CMS, dilepton (ee, uu, ew)
JHEP 02 (2014) 024, L,,=5.3 fb™

e 239.0+21+11.3+6.2pb

int

LHC combined eu (Sep 2014)
CMS-PAS TOP-14-016,
ATLAS-CONF-2014-054,

241.5+1.4+5.7+6.2pb
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Events / GeV

Data/Prediction

Differential measurements

» Subtract background + unfold experimental removing instrumental effects
by correcting bin-by-bin migrations

{10 T T T T IR i T T T T T T T 3
ATLAS Preliminar +ets o ]
10° y 1 . t;atja ATLAS Simulation Preliminary \S = 7 TeV  e+jets C oms Data ]
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+jets 5 | | = 4+ POWHEG+HERWIG 7
Multijet 2 = B
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1 [ oth > y
er 2
? B N = ! 7
10»1 L S 150- 200 | 3.1% 46%  135% - 13.3%  45% 1.2% .[L dt=4.61b
g 3 — - \s=7TeV E
1 0'2 E o 100- 150 | 11.6%  19.9% - 18.4% 7.5% 4.7% 2.5% E ]
-3 i B n r ° n
107 50- 100 | 34.4% - 224%  99%  53%  29%  22% L » " _
[E P P m T A N S B
1 5' 0- 50 15.1% 71% 3.5% 2.0% 1.4% 1.0% 15__ ° 4 E
. h I E on, °n L] C ]
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» Precise measurements of top-quark distributions are a crucial task:

Tests of perturbative QCD in different phase space regions

Enhance sensitivity to New Physics in top processes

Control background for Higgs, rare processes and many Beyond-Standard-Model

searches
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ATLAS-CONF-2013-099 (I+jets, 7 TeV)
ATLAS: EPJC73 (2013) 2339 (dileptons, 7 TeV)

tt pair: mtt’ Ytt’ tht CMS-PAS TOP-12-027 (I+jets, 8 TeV)

CMS-PAS TOP-12-028 (dileptons, 8 TeV)
» Potentially sensitive to new physics!

» Many distribution studied, good agreement with theory
predictions so far
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Single-top production

» Electroweak top-production
» Unique opportunity to study the VVtb vertex at

production
May be sensitive to new physics Vud  Vus Vi Vux?
t-channel: Flavour-changing neutral currents Ved Vs ‘.."" ‘"\:
s-channel:W’, H+, ... . . }”' ‘."\"?

, , Vya? Vys? Wi? Vyxo
Measure |V, | in the production vertex

New physics may be not accessible in decay if new particles are too
heavy

Possibly constrain proton’s PDF

t channel t W channel s channel
q' q

q t
w b w*
3 b t
. 9 t q' b

Tl
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t channel: CMS

» Signal selection: one e or u, two jets of
which one b tagged, one forward

» Number of signal and background (W
+jets, ttP?) events determined from a fit
to the |n,| distribution

» Distributions for W+jets and tt®" are
determined from control regions in
data (n-jets, m-b tags)

G, = 83.6 £ 2.3(stat) * 7.4(syst) pb
Rg7= 1.24 + 0.08(stat) + 0.12(syst)

» Largest uncertainty: signal modeling
(generator), jet energy scale

JHEP06(2014)090
CMS PAS TOP-12-002/ATLAS-COM-CONF-2013-06 |

g

«10° cms s =8 TeV, L = 19.7 fb™, muon, 2-jet 1-tag
""" L B I I UL LI I I

¢ Data ]
[ t-channel i
[, tw, s-channel A
B W/Z+jets, dibosons
[CJQcD multijet .
7] Syst. uncertainty ]

Events/0.25
[9)]

t-channel single top quark production
R L I L L L L B AL B ]

¥ CMS, L=19.7 fb"
E ¢ CMS,L=1.17/1.56 fb"
- Y DO,L=9.7fb"

| 4 CDF,L=321b"

—
o
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t-channel total cross section [pb]

0/ Oy oL acD
o o o
« © Y P N
o} p
w
. .
L Ll ||ll|| 1 Ll L LLll

26 Luca Lista

& me) = (scale ® PDF)

ell et al., JHEP10(2009) 042 —
NLLQCD = (scale ;

idonakis, Phys. Hev. b 83 (2011 091503

OEO
Za‘o

”z




7 TeV: Phys.Rev.Lett |10,022003 (2013)

tW, S—Ch. pI‘OdUCtiOl’l 8TeV: Phys.Rev. Lett. | 12 (2014) 231802 s
g t
CMS, \s=8TeV, L=12.2 fb™, 1jit
» More rare modes affected by large background o S O C
due to ttb?" events 600 -
» Probe different production modes _F |2 neeraimy ]
» Multivariate discriminators (Boosted Decision S 4000
Trees) adopted to enhance the signal/ LT3 300
background separation. 200F-
100

bW (12.2fb78TeV): et AL,
Oy — 23.4+5'5_5 4 Pb BDT discriminant

significance: 6.1 obs. (5.4*'>_, ,c exp.) ! e d

b s-ch. (19.3fb~"8TeV):

—_ o q b
cSs-ch. < I I 5 Pb - 2 I X0 SM’ 95/°CL CMS Preliminary, 19.3 fo, Muons, Vs = 8 TeV
Assuming SM signal: § Co T T Y e data
O, = 62780 pb (68% FC int.) = 1000 CMS-PAS-TOP-13-009 - Os-channel
. g . € B J Bt-channel
Significance: 0.9 exp, 0.7c obs 2 ok Amw
C 10t
e . . 600 - - WZ+ets
Main limitation to both channel is the modeling : 1 EW+jets
of the very large tt®* background 400 . EB“CJBSOH
- i [ ]Syst. unc.
200:— _: NRate syst.
27 Luca Lista 9706 05 04 03 02 01 0 0.1 02
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Single top LHC cross sect. summary

» All measurements are in agreement with theory
calculations (reached the NNLO or approx. NNLO)

ICMSI Prelliminlary |
Single top-quark production

o [pb]
TTTTT

10

—
<
T
o

tw

s-channel

Approx. NNLO Kidonakis, PRD 83, 091503 (2011)
CMS, JHEP12(2012) 035

CMS, JHEP06(2014) 090

Approx. NNLO Kidonakis, PRD 82, 054018 (2010
CMS, Phys.Rev.Lett 110, 022003 (2013)

CMS, Phys.Rev.Lett.112, 231802 (2014)

Approx. NNLO Kidonakis, PRD 81, 054028 (2010)
CMS, PAS-TOP-13-009 (FC interval)

|
1 12 13 14
Vs [TeV]

[ N R
8 9 10 1

Total inclusive cross-section [pb]

100

80

60

40

20

I~ ATLAS + CMS Preliminary TOPLHCWG

| Single top-quark production

Jan 2015

T T T T T T T
ATLAS t-channel
PRD90(2014) 112006, ATLAS-CONF-2014-007

CMS t-channel
JHEP12(2012) 035, JHEP06(2014) 090

ATLAS Wt production
PLB716(2012) 142, ATLAS-CONF-2013-100 —
CMS Wt production
PRL110(2013) 022003, PRL112(2014) 231802  —|
LHC combination, Wt production
ATLAS-CONF-2014-052, CMS-PAS-TOP-14-009 ~|

ATLAS s-channel, 95%C.L. —
ATLAS-CONF-2011-118, arXiv:1410.0647
CMS s-channel, 95%C.L.
CMS-PAS-TOP-13-009

* o o

<«

=== NNLO arXiv:1404.7116 —_
M= 173.2 GeV, MSTW2008nnio

scale uncertainty

=== NLO+NNLL PRD83(2011)091503,
PRD 82 (2010)054018, PRD 81(2010) 054028 -
m,,=172.5 GeV: MSTW2008nnlo
Wt production: tf contribution removed -
scale ® PDF @ o uncertainty, _
= NLO arXiv:1007.3492, 1406.4403 —
M= 172.5GeV, = 1 = My,
CT10nlo, MSTWZO%ﬁnIO. NNPDF2.3nlo (PDF4LHC) ™
Wt production: p° veto for tf removal=60GeV

.
and y =65 GeV
scale uncertainty

scale ® PDF @ o uncertainty

All exp. results are w.rt. m_=172.5GeV —

Is [TeV]
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| Vi, | from single top

The | V,, | measurement in single-top events provides a
unique opportunity to directly probe the top production

Witb vertex: |V,| =(6/5(jv, =1)), assuming
Vil 2 |Vils [Vgl or equivalently B(t—Wb) = |

Deviations from the SM are potentially sensitive to new physics

Eight measurements in the t channel and in tWV, the latter

with less precision

CMS Preliminary IthI Summary August 2014
T I T T T T I T T T T I T T T T I T T T T I T T T T I T T T T
CMS tW, 7 TeV, 4.9 fb", PRL110 (2013) 02203 _
0.160, 0.030, e
1.010 r 0.130(e)(p) t 0.040(th)
CMS tW, 8 TeV, 12.2 fb", PRL 112 (2014) 231802 -
1.030 = 0.120(exp) + 0.040(th) -
CMS t-ch., 7 TeV, 1.17/1.56 fb”, JHEP12 (2012) 035 ‘
1.029 = 0.046(exp) = 0.017(th) S
[
I,
CMS t-ch., 8 TeV, 19.7 fb™", JHEPOG (2014) 090 !
0.979 = 0.045(exp) = 0.016(th) ‘
I
CMS t-ch., 7 and 8 TeV combined, JHEP06 (2014) 090 I
0.998 + 0.038(exp) + 0.016(th) —
,f’ fff .
CMStiR,, 8 TeV, 19.7 fb”, PLB 736 (2014) 33 (| ° 1\
1.007 = 0.016(stat+syst) /’
X‘ -
1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 1 1 I 1 1 1 I 1 1 1 1
0.6 0.7 0. 0.9 1 1.1 1.2
IV 1

V.| from B(t — Wb)/B(t — Wq) in tt>r

\

/ATLAS:
7TeV: |V, |
| Vio |

8TeV

CMS:

7TeV: | V|
| Vo |
8TeV: | V|
| Vio |

= 1.13"01% 5 15

1.0370:10 14

= 0.97+0.09_0.|0
| Vo | = 1.100.12(exp)+0.03(th)

1.020 = 0.046(exp) = 0.017(th)
1.0170-16 5 | 5(exp)*0-93 5 o4(th)

0.979 + 0.045(exp) = 0.016(th)
1.03 + 0.12(exp)=0.04(th)

(t-ch., 1 1.9%)
(EW, 17.0%)
: | V| = 0.97£0.01(stat)*0-0¢ , ,-(syst)£0.6(gen+PDF)*0-02 / - (th)+0.01(lumi)

(t-ch., 9.8%)
(EW,11.2%)

(t-ch. 4.8%)
(€W, 14.8%)

(t-ch. 4.9%)
(W 12.3%)

~

| Viy | = 0.998
*+ 0.038(exp)

£ 0.016(th)
(7+8TeV t-ch.,comb.: 4.1 %))
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t-channel: distributions

» The t-channel data sample is large enough to study distributions
—> differential cross section measurements

> Signal can be enhanced by requiring e.g.: large forward jet pseudorapidity: [n;| > 2.0

CMS Preliminary, 5.0 fo”, Vs = 8 TeV CMS Preliminary, 5.0 fb”, Vs = 8 TeV «10° CMS, Vs =8 TeV, L = 19.7 fb ', muon, 2-jet 1-tag
LI I B B I I I N o IR I I I L IR I I I (S ~~rrrrrrTrT T T T T T
C C i - ¢ Data —
600 o |ept0n Chal"ge 160 E COS@*[[T] - 8 1= [ t-channel -
500 :— 140 :_ —: % C Bﬁ, tW, s-channel 7
r = 1€ o8 [ W/Z+jets, dibosons —|
C 120 - -4 ¢ 2 i .
400 & = 13 B []QcCD multijet ]
E 100 |~ - 06— RJsyst. uncertainty |
300 80 3 - 1
200 60 E— = 0.4 :— —:
aw0E - top rec. mass 1
100 0.2 —
20 r ]
05 1.5 1 1 muo1n.5c hargez 07 08 06 -04 02 0 02 04 06 o.goseg 0 —_—_——— 350 - 40(;
- m,, (GeV)
Top/antitop G ratio, Top polarization, CMS-PAS-TOP-13-001 Top mass,
ATLAS-CONF-2012-056, wW heIicity,JHEP 0l (2015) 053 ATLAS-CONF-2014-055
JHEP06(2014)090
Q

30 [11 @ *, = angle between lepton in W rest frame and the W in top rest frame.



Top/antitop ratio

>

R, = o,(t)/o,(t") is potentially sensitive

to the proton’s PDF

ATLAS, 7 TeV:

o,(t) = 53.2 £ 10.8 pb,
G(t>) = 29.5 74,5 pb

— +0.23
Rt - I .8 I _022

CMS, 8 TeV:

Approaching the precision necessary to

c,(t) = 53.8 + |.5(stat) + 4.4(syst) pb,
o,(t%) = 27.6 £ |.3(stat) £ 3.7(syst) pb

R, = 1.95 + 0.10(stat) + 0.19(syst)

7 TeV: ATLAS-CONF-2012-056
8 TeV: CMS: JHEP06(2014)090

CMS,L=19.7fb", (s=8 TeV

T I T T T I T T T I T T T I T T I I T T T
CMS .
1.95 + 0.10 (stat.) = 0.19 (syst.) 0
ABM11 et
CT10 —
CT10w ——
HERAPDF g
MSTW2008 e
NNPDF 2.3 —e—i
1 L 1 I 1 L 1 I L 1 L I L 1 L I | 1 : I L L L
1 1.2 1.4 1.6 1.8 2

2.2
Rich. = Opon /0,4, ()

AN RAREE RELRE RARLE RRLRN RARLE LA rrrrrrT T
ATLAS Preliminary det 47fb \s= 7TeV

ATLAS result I + é

discriminate between different PDF ABKMo9 B
NNPDF 2.1 P ——
models MSTW2008 P ——
Main sources of uncertainty: jet energy GJR08 e
A scale, signal modeling CT10 (+ DO W asym.) s—o—q
CT10 ' ——i
3] Luca Lista 1213141516171819 2 2122
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Top quark polarization

» Test of parity violation in the SM performed on a
“free” quark at the production vertex

The top quark from electroweak production is 100%
polarized due to the V-A structure of the interaction at the
Wtb production vertex

N(T)—N(])
N(T)+ N(|)

» The cos 0 *I1] distribution is obtained in a signal-
enriched sample after unfolding the experimental
effects, and compared to:

dr’ r
— = —(1+ P, g*
d cos 6* 2( + b cos )

» Measured top polarization:
P.=0.82 £ 0.12(stat) £ 0.32(syst), etu combined

1
» IntheSMP, =I: A = §Pt =

[11 8 *, = angle between lepton in W rest
frame and the W in top rest frame.

32

arbit. units

800

600—

[~ {T7}stat. + syst.

e data I ‘ ]
I signal (t—chanﬁé|)"“"“CMS preliminary Vs =8 TeV, L = 20 fb

s-channel Muon channel, 2J1T BDT > 0.06

@B diboson e :
QCD :

400

200

(exp.-meas.)/meas.
o

L CMS preliminary Vs =8 TeV, L =20 fb i

B A =0.42 £ 0.07 (stat.) £ 0.15 (syst.) 1
200 « unfolded data N
L MW generated (POWHEG) N
v.generated (CompHEP) -

" muons only — i

O 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1
-1 -0.5 0 0.5 1

cos 0*



W polarization in ttPar

» Test of parity violation in the SM performed
on a “free” quark at the decay vertex

Top quarks are produced unpolarized in strong

interactions

300

250

N
(=]
o

Entries/bin
o
=)

a
o

The t—Whb decay induces a W polarization due to

the V-A structure of weak charged current

dr

=
I'd cos 0* 8

» Anomalous tWb couplings can be probed:

Lo = —-S=by* (Vi.Py + VRPR)IW, —

V2

Also studied in
single top
JHEP 01 (2015) 053

33

1 —cos0") FL+§

S

(1+ cos 0*)2 Fr + Zsin2 0*Fy

g,
V2 My

MC/data
o =
0= N

—l_\IH\

0 * = angle between
lepton in the W rest frame
and W in the top rest frame

I T T T T |
ATLAS and CMS preliminary
\s=7TeV,L =35pb'-2.2fb"

I NNLO QCD

Combination

o=+ Data (F_/F /F)

ATLAS 2010 (single lepton) e R e e

ATLAS 2011 (single lepton) e At

ATLAS 2011 (dilepton) I Rt T e

CMS 2011 (single muon) e A

LHC combination H - A

1 1 I 1 1 1 1 | 1 1 1 1 1 1 Il 1 | 1 Il 1 1 I
0 0.5 1

W boson helicity fractions

T TT
[\

AN |

-

€

—
CMS Preliminary 7 TeV, 5fb"

B & muon+iets

[0t bkg

Bl WV+iets
Single Top

[ DY+jets

® Muon+jets

<\I|IIII|IIII|IIII|

Re(g,)

o Tl

o<}

-04 -02 0

(gLPL+grPr)t W, +H.c.

CMS-PAS-TOP-11-020
JHEP 1206 (2012) 088
ATLAS-CONF-2013-033/
CMS-PAS-TOP-12-025

02 04 06 08

1

cos(6*)

04

0.2

-0.2

T

LHC combination preliminary
\s=7TeV, L _=35pb™-2.2fb"

N
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Top-quark mass (CMS, [+jets)

» Signal selection: one lepton, 24 jets, 22 b-tagged jets

» Kinematic fit: myy,

decaying heavy particles; goodness of-fit from 2

P,

g

of = P(x?) = exp (—3x%)

» Weight possible permutations by y? probability

(at least P(y2)>0.2 required)

L (m,JES|sample)

Permutations / 5 GeV

Data/MC

34

20000

18000 2
E.Eﬁunmatched
14000 T —
12000
10000
8000 F
6000 F
4000 F

16000

2000

1.5

—_

0.5

Wevent
[1 (Ecpgofa (mt,,mw:’lm,ms))
events \i

CMS Preliminary, 19.7 b 1 (s= 8 TeV, l+jets

T
C o - . correct ‘ - Z+Je
- : / W+Jets
- . ttwrong .G "-'single top
o Data

\l\\\l\\\l\HI\HIH\!\HIH\!H\ L1

: MM.»W.

|

| [ —

100

200

300 400
M [GeV]
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Data/MC
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Jet
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10000

8000
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S0
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\ ﬂO/‘

e e e e
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Jet

V

CMS Preliminary, 19.7 fb- 1 \s= 8 TeV, l+jets

I

T anmaned
-  €MS PAS TOP-14-00

- . S— - Z+Je ...............................
- _ / W+Jets
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CMS Preliminary, 19.7 fb ", (s = 8 TeV, l+jets

% 25000 f_‘- ti correct "I Zedets B
O] B ~ [ Widets 7
10 B [ t wrong [ single top R
Top-quark mass (cont.) R L
[ ] o - —
© B ]
S 15000 fa
. : : £ . ]
» Simultaneous fit of m_and of jet energy scale from 8 - HL ;
reconstructed W-mass distribution (hadonic W) 100007 ]
: I,nvvreco =
n 172.04 £ 0.19 (stat.+]JSF) £ 0.75 (syst.) GeV, 5000f W=44")
JSF 1.007 = 0.002 (stat.) & 0.012 (syst.). : R
O 15 1" o ‘ H o
» Reached ultimate Tevatron precision = - R i |
© |
» Most precise measurement by DO: S ol ‘1004 S 5 500
m, = 174.98 + 0.76 GeV (arXiv:1405.1756, [+jets) e [GeV]
om?P (GeV
. T | £ (GV) CMS Preliminary, 19.7 fb", Vs =8 TeV, l+jets
Experimental uncertainties ™
Fit calibration 0.10 w B s contour
pr- and 7-dependent JES 0.18 ™ 1.012 [ 20 contour
Lepton energy scale 0.03
MET 0.09 |:| 3o contour
Jet energy resolution 0.26 1.01
b tagging 0.02
Pileup 0.27
Non-tt background 0.11 1.008
Modeling of hadronization
Flavor-dependent JSF 0.41 1.006
b fragmentation 0.06
Semi-leptonic B hadron decays 0.16
Modeling of the hard scattering process 1.004
PDF 0.09
Renor.mal.ization and 0.12-£0.13 1.002
factorization scales
ME-PS matching threshold 0.15£0.13 171.5 172 172.5
ME generator 0.23+0.14 m, [GeV]
Modeling of non-perturbative QCD
Underlying event 0.144+0.17
35 Color reconnection modeling 0.0840.15 Pad ova, 26-02-2015
Total | 0.75



ATLAS-CONF-2014-055

Top-quark mass from single top

>

Theoretical uncertainties

complementary to tt*® measurements

Color reconnection effect different in
electro-weak and strong processes

Event selection similar to t-channel cross
section analysis (Neural Network, for

ATLAS)

Sample composition:
~50% single top, ~23% tt>"

Mass measured from the distribution of

the lepton+b invariant mass
Varied for both single-top and tt>
Precision still limited mainly by jet

energy scale (1.5 GeV), t-channel

hardronization model (0.7 GeV),
backgrounds (0.6 GeV)

m, =172.2 £ 0.7 (stat.) £ 2.0 (syst.) GeV

>1800_ T T Y T T T T T T T

Ge

© 1600~ ATLAS Simulation Preliminary gy m_-165.0 Gev

1400

Events /

1200

1000

800

600

400

200

0

:

Events/ 2.5 GeV

:
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™, =172.5GeV
| M, =180.0 GeV
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arXiv:1403.4427

Top-quark mass combinations

» World combination released, including Tevatron results

» Should be updated with latest CMS measurement

19.7 o™ (8 TeV) + 5.1 o™ (7 TeV)

1 T T
imi -1 -1
CMS Preliminary ATLAS Preliminary m,,, summary - Sep. 2014, L = 35pb"-20.3 b
in
CMS 2010, dilepton ® 175.5 = 4.6 = 4.6 GeV My, = (fot)  (stat.= JSF = bJSF = syst)
1 lue = stat = syst
JHEP 07 (2011) 049, 36 pb \ (value = stat = syst) I+jets™ POt Al : 169.3 = 63 (40 =49
CMS 2010, lepton+jets 173.1 = 2.1 + 2.6 GeV : Eu‘r".‘Phys.J.C72 (2012) 2046 i
PAS TOP-10-009, 36 pb” (value = stat = syst) lets - . 1745 = 24 (06204 =23 )
H * CONF-2012-030 L] + N
CMS 2011, dilepton ® 1725 = 0.4 = 1.4 GeV alljets™ P et ; 1749 = 4.3 (21 -38)
EPJC 72 (2012) 2202, 5.0 fb™ (value = stat = syst) dilepton* Eorﬁio':ﬁosz S 1752 = gg (16 3
) —=On— = i
CMS 2011, lepton+jets 4 173.5 + 0.4 = 1.0 GeV — |+jets* CONF-2013-046 i et 172.31+ 1.55 (0.23+0.27+ 067 1.35)
JHEP 12 (2012) 105, 5.0 fb (value = stat + syst) Ly =4.7 0 D
e — dilepton* CONF-2013-077 ] 173.09 = 1.63 (064 +1.50
CMS 2011, all-hadronic 173.5 = 0.7 = 1.2 GeV P Ly =47 107 0 ( )
EPJ C74 (2014) 2758, 3.5 fb™ (value = stat = syst) all jets 14000832 [ | 1751 = 1.8 (14 212
- = |
CMS 2012, lepton+jets 172.0 = 0.1 = 0.7 GeV single top* PON"201+055 b —] 1722 = 21 (o7 =20 )
PAS TOP-14-001, 19.7 fb™ (value = stat = syst) " 0
CMS 2012, all-hadronic ® 172.1 + 0.3 = 0.8 GeV L i ve
PAS TOP-14-002, 18.2 fb™ (value = stat = syst) oftt) I+]etSICONF_20“.05AY T S E 166.4 = 7%
CMS 2012, dilepton ® 1725 = 0.2 = 1.4 GeV ot dilepton wi406ssrs, ——— 1729 =53
4 s - : |
PAS TOP-14-010, 19.7 fb (value = stat + syst) 0(tf+1-jet)‘ fofs?;f'usa ' 1737 = 2?
int =7 1 .
CMS combination . 172.38 = 0.10 = 0.65 GeV !
September 2014 (value = stat + syst) N 0 e .
”””””””””””””””””””””””” PN -~ LHC Comb. Sep. 2013 (conrF-2013-102) 0 World Comb_._ 1o
Tevatron combination 174.34 + 0.37 = 0.52 GeV 173.29 + 0.95 '_._'. stat. uncertainty
July 2014 arXiv:1407.2682 (value = stat = syst) World Comb. Mar. 2014 (arxiv:1403.4427) " stat. ® JSF @ bJSF uncertainty
173.34 = 0.76 i
World combination March 2014 @~ 173.34 = 0.27 = 0.71 GeV Tevatron Comb. Jul. 2014 ai1s072652 0 total uncertainty
evatron Co ul. 2014 ( ) *
ATLAS, CDF, CMS, DO (value = stat = syst) 174.34 + 0.64 0 o ] Preliminary, —Input to comb.
] [ N RN N S SR R [ | | i | | |
165 170 175 180 160 165 170 175 180 185 190
my,, [GeV]

m, [GeV]
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Charge and FB asymmetries

» Hints of FB asymmetry reported since long by Tevatron (mainly CDF)
» In the SM no forward-backward asymmetry is expected in gg—tt>*" processes
»  Small asymmetry in qq”"—tt>" due to interference of higher order diagrams (ISR + FSR)
» The exchange of exotic particles may enhance the asymmetry
» LHC data not directly comparable to Tevatron: symmetric pp initial state vs asymmetric pp°"
»  Charge asymmetry measured at LHC instead of forward-backward

asymmetry, measured at Tevatron A’y = ‘yt‘ — ’yf‘
»  Either top or lepton y used as direction

e Alyl = lyer] = lye-|

N(Ay > 0) — N(Ay < 0) N(Ay|>6)—N(A|y|<O)

A — A:
PP N(Ay > 0) + N(Ay < 0) “

N(Aly| > 0) + N(Aly| <0)

Tevatron LHC

do do
dy dy

top
antitop

y y

38 Luca Lista Padova, 26-02-2015



Apg, Ac (cont.)

» SM prediction for A.; at Tevatron is zero at LO
(appears at O(a. %))

» Historically A larger than SM for large m,, at
Tevatron, though recent measurements are less
pronounced

Also theory predictions “moved” towards data

»  SM prediction for A at LHC is ~1%

» Best measured by ATLAS and CMS (and their
combination) in the [+jets channel

JHEP 1402(2014)107

4000_|||||||||

n
N
o
S : ATLAS £+ > 4jets(>1b - tag)
£12000— Vs=7 TeV ¢ Data
g C 4
w : f L dt = 4.7 fb-1 :’tv_*jets
10000— N Z+jets
) Diboson
8000 [ Single top
B Multi-jets

7, Uncertainty
6000

4000

2000

=)

c‘*’IIIlIIIlIIIlIIIlIII

-2 -1 0 1 2 3
Luca Lista

w
O

PRD90(2014)0720] |

0.6 DG, 9.7fb™

[arxiv:1405.0421]

0.4
o 0.2F I }
w [ TS GRS, SCrtrs STy S
< bt
oF
0.2 ¢ Data —MC@NLO
- —PRD 86, 034026 ¢ CDF Data
Ay T Lt TRDB7092002° |
300 350 400 450 500 550 600 650 700 750
m [GeV]
CMS PASTOP-14-006/ATLAS-CONF-2014-012
ATLAS+CMS Preliminary Vs = 7 TeV
TOPLHCWG March 2014
(stat) (syst)
CMS ———p— 0.004 = 0.010 = 0.011
[PLB 717 (2012) 129]
ATLAS ——e—— 0.006 + 0.010 = 0.005
[JHEP 1402 (2014) 107]
ATLAS+CMS H—— 0.005 = 0.007 = 0.006
Theory (NLO+EW) 0.0115 = 0.0006
[JHEP 1201 (2012) 063]
| | |
-0.05 0 0.05



430-25_*"'l”"l""l""l""l""l"”l"”l'"T_
. . - ¢ Data ATLAS E
Apg, Ac (differential) oz 1oV :
u SM -1 N
. . 0.15 - Axigluon m=300 GeV I CHEATS B
» Both total and differential o adiciuon e —
0.1 xigluon m=7000 GeV B
(m,-dependent) measurement : E
. T . .« . 0.05(— s =
give no indication of deviations : . — -
from SM predictions 9= I E
CAAG -0.05— S
> L|m|'Fs can be set on new M- Bernreuther & S :
physics models 0505206 500406 500606 706606900
m, [GeV]
0.15 ||||||||||| L T T T T
I S i 0.15 . . . . . . .
ATLAS i <(O - CMS Preliminary | — Data .
W’ . : 19.7 fb_1 at \'s=8TeV —— EAG 1.0 TeV :
—~ 0.10} ¢ Models from:  _| .
> *< 4 PRD 84 115013, - - |+jets —— EAG 1.5 TeV §
8 W arXiv:1107.0841 A 0.1 ~ —— NLO prediction 1 ]|
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- E.Gabrielli et al. PRD85(2012)07402| il
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New physics in single top

»

»

. (ATLAS: »
Keat - oy . 3 —
L — _E [\fzgs%lt Fot Ta(f;pL+f$pR)q G, gut, gt Kgut/A <5.1%10 : TeV_I
a_ue Kgct/A < |.Ix[0*TeV
+ \/—%% o™ (fyPL+fi PR)G Zyw ||+ hec. Zut, Zct CMS:
S cw Kz /A < 0.45TeV~!
—|
ulc U t Ky A <227 TeV
t u/c ‘
< -5
g g 7 B(t—gu) < 3.1x10
B(t—gc) < 1.6x10
ATLAS searches for FCNC in single top production with SM B(t—Zu) < 5.1x10-3
t—Wb decay (ATLAS-CONF-2013-063,8TeV) B(t_’ZC) <0.1140
CMS looked for FCNC in associated tZ production (95% CL)
(CMS PASTOP-12-021,7 TeV) \. .

FCNC in single-top production may arise from several new physics scenarios affecting both
production (u/c—t) and decay (e.g: u/c—tZ, ty, tg)

ATLAS also looked for CP violation in the Wtb vertex using

lepton angular distribution in single-top N — " +0.029
(ATLAS-CONF-2013-032, 7 TeV) Arg = 0.031£0.065(stat.) ™ g 03 (syst)
anomalous tensor coupling:

No deviation from SM prediction spotted so far
' g 10.2< S(gy) <0.3, 95%CL
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Single top and exotic Higgs

» Probe Higgs anomalous coupling to top quark

CMS Preliminary, L=19.7 fb" at (s =8 TeV

(y. = —1),due to interference of diagrams withttH 3 =,
. 0.5
and WWH vertices i E*‘q ©t=-1
i) Extra ttH (Ct = -1)
o . S 041 7
» Upper limits to cross section set: 2 =“H<125>
i VH (125)
0.3
o(tHq, H—bb) < 7.6xc(y=-1), 5.1 exp., 95%CLs :
0.2~ .
o(tHq, H—vyy) < 4.1%c(y="1),4.1 exp., 95%CLs :
. . . 0.1F a
» May probe up to SM Higgs coupling with run-Il data, : _
complementing ttH search CMS PAS HIG- 14015 Sob™ 16120 Tob- 740" 186" 766176 "fa0
CMS PAS HIG-14-001 Diphoton Mass [GeV]
20 b (8 TeV) ” ‘ . 20 b (8 TeV) o
fﬁ: [ Muon channel | ' cMS _;R'ata _ < | Muon channel CMS @ty
S [ 4T region Preliminary _.ﬁ:é' Y= b 3T region Preliminary .05
& 40 |M125GeV _En‘mﬁ 300 [~ m, =125 GeV _E:i::_lfcf
-~ tt+1,2c i | Single t/
2 las S o
a §EE SETS
—20x tHq
100
¥ P -
42 } o o

i (light jet)| ' MVA output



Top reconstruction at high energy

» The high-energy LHC regime forces top decays to be reconstructed in the same hadronic jet

» Important to measure high-p; ends of SM processes, for top-quark from exotic decays having
large boost and for run-Il data at 13-14TeV

Fully merged

Partially merged

Not merged

%)
o
high py ~

» Dedicated algorithms identify jet substructures and identify top decay products (top taggers)
~CMS Profiminary {5 =8 TeV, 19.7

T T T

[2)
AR(AB) > "E C CMS Top Tagger ]
adjacency O 100 Madgraph ¢ Data —
Decluster criterion Ll>.| [ CAR=0.8 hi<2.4 [l semi-Leptonic i -
q q 80 [ p.>400 GeV/c - ]
continue T Fully-Leptonic tt ]
r [ wets ]
CMS Top Tagger o 60 B zvets .
. is too soft. r ]
Kaplan et al., arXiv:0806.0848 Aand B pass ¢ Remove it I [l singletop ]
adjacency and 40+
momentum: Decluster C
fraction criteria again L
Q Primary L ]
decomposition 9 :
succeeds 00 150 200 250 300 350

CMS-PASME-13-007 My (GeV/c?)
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ATLAS-CONF-2014-057

Boosted top in SM processes

» ATLAS measured tt*" differential cross section using
boosted techniques at high top p+ (in [+jets)

» Background to may new physics searches

» Simulation does not reproduce well the high-p; regime

%' 10 E! Data
O] "\ ® ALPGEN + HERWIG
~
2 T !"—\, B MC@NLO + HERWIG
_ Te '\ A POWHEG + HERWIG
9 ° ma¥ Y POWHEG + PYTHIA
= - ..Av
— 11
o 107
O -
- ATLAS Preliminary . v
10220310 s =8Tev =
e b b e b b by e b
8 2F °
] o o L
D 15__ L] v Av A v
- v By .‘y IAV [ '\ HA u ]
1 ........................................................................
©)]
= 05
0

300 400 500 600 700 800 900 1000 1100 1200
Particle top-jet candidate P, [GeV]
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Boosted tops and new physics

Search for tt**" resonances (Z’)
PRL I 11(2013)211804

CMS, 19.7 fb", /s =8 TeV

>104§"|""|""|""|'*‘wf"'
g all-hadronic ¢ Data
°103__ .tt

© ] "-.. NTMJ
g , —Z'2TeV
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>
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e
o
T T
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10
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7 10°E
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N E D +26 Expected
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= 10'25- !
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M., [TeV]

Search for tb resonances (W’)
CMS-PAS-B2G-12-009

19.7 o' (8 TeV

L e e S S e e s e e e e
CMS e Dbata
Preliminary ["] acp Background Prediction

I i Monte Carlo Prediction
I single top Monte Carlo Prediction
N 10 Background Uncertainty
———— W'g (0.2 pb) at 1500 GeV
———— W (0.2 pb) at 1900 GeV

- - Wg(0.2pb) at2300GeV

-
o
Gl
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g 2
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o
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2
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©
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45

Luca Lista

Padova, 26-02-2015



A

Conclusions L R

, A Tl T
» After 20 years from its discovery, BRPGE PN A
the top quark field is very active '

and rich in new results

» LHC reached very good precision §
in many measurements, ranging
from production cross section
and distributions to top-quark properties

» Top can couple to new physics but so far no hint of deviations
from the SM has been identified

» Advanced analysis technique have been developed to exploit in
an optimal way the forthcoming 13-14 TeV LHC

ﬁ% Stay tuned for new results from LHC run-|| ! ]
Q
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Top quark pg, jet multiplicity

» Top pt:

POWHEG best agrees
with data

ATLAS reports ALPGEN,
MC@NLO, and the NLO
calculation above data

for pr > 200 GeV

CMS reports low-p
spectrum not well
reproduced, but in
agreement with approx.
NLO calculations

» Jet multiplicity:

MC@NLO+Herwig
showering predicts lower
jet multiplicity than
observed

48

ATLAS-CONF-2013-099 (7 TeV)
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PRL112(2014)231803
PRL112(2014)231804

s channel at Tevatron PRLI 2001423 1605

» Combination of three multivariate analyses by CDF and DO

o 20— CDF bbb ———— CDF METbb 4 DO bb
E s channel (b) St (e) = SD::tIE\l single top G' 1 O -1
g — S - . [Jt-chsingletop | © (a) DQ 9-7 fb
O 200k E | Signal region —Ty Q 3
S @ 60 — Two-jetTT % \?vlll-:;?lgn 4 1 0
S TT+TL [ — Ve @
5 s channel == acp muttijet =
Q 150t 2
£ o 10
= >
z )
100
o 10
Ig
50 S 1
0 I =8 10"
02 0 02 04 06 08 1 . . . CR 0 0.2 04 06 0.8 1
Neural network output NN
Bayesian posterior : 1 s-channel single top quark, Tevatron Run I, Lint <9.7fb"
S _ s-channel single top quark, Tevatron Run Il L <9.7 fo Cross section b
from the three g 10° ¢ gsﬂta. | t Measurement ; r eetion [po]
S = [ SM signa : o +0.44
o-bser've'd 0 o — Expected background CDF l+jets : 14102
d!scr-lmlryant = ackground uncertainty CDF £, +jets . 1.1 2+.8jf—,17
distributions 10° g o7
= s channel CDF combined —— 1.36703
B . 5 +0.33
B DO [+jets +E 1.10 %55
10° 20 - : 026
Q F Tevatron combined —o— 1.29%%,
- Theory (NLO+NNLL)
10 o ——— 1.05 = 0.06 pb [PRD 81, 054028, 2010] }
F | . L .’ L
49 3 p 0 0 1 2

Discriminant output [log, (s/b)] My, = 172.5 GeV Cross section [pb]



PLB 728 (2014) 496

Top-quark mass from cross section

» Limited precision, but does not suffer from top mass
definition from a renormalization scheme (pole mass)

Vs =7 TeV;a-(m;) = 0.1184
3 T Ll T T ] T LM

= - e ]
Q - = —— CMS,L=23fb" -
o= 220N, ~ | = ---- Top++2.0, ABM11 7
C WO, £ S -~ Top++ 2.0, CT10 ’
200~ N, E b= Top++ 2.0, HERAPDF1.5 ]
L < I p— Top++ 2.0, MSTW2008
180 R Top++ 2.0, NNPDF2.3
N -:
140} e = -
B ESNS - =
. = 0o = ‘., TSGR, -1
[~ E N ) RS .
1200, ?_ = I T .,
165 170 175 180 185 190
r.ntpole (GQV)
» fixed o (m,) =0.1184 £ 0.0007: » fixedm, = 173.2 + |.4 GeV:
ole = +3.0 — +0.002
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Perspectives on m, for run-II and beyond

» Different assumptions done on uncertainty evolutions,
including theory
(PDEF cross sections, pole vs MC mass, ...)

imi H H == Std. meth. == Endpoint
CMS preliminary projection — ©™" ~ ™™
- .

30fb" 300 b 3000 fb" -
13 TeV 14 TeV 14 TeV

Present

w

- lN -
o N o w o b

— —

Total My, uncertainty [GeV]
-c —
o (4] —

TS~——13  CMSPASFTR-13017
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B(t = Wb)/B(t — Wq) from tt and T,

CMS, \s=8TeV, [Ldt=19.7 fb!

> |V,| measured in tt®" from top decays R B
()] B %) T T T T 1
4 R= B(t _’Wb)/B(t _’Wq) = |vtb|2 S I gsoooo- 3 //7:
= > 25000F —J E S
»  Dilepton channel used (e or u; Drell-Yan removed if 250\ Y ] />
IM; —M,| < 15 GeV or ME; < 40 GeV) S\ 15000} 1 /A
» b flavour content of tt®" events probed counting the i . B
number of b jets after independent data-driven i \\ T e IO R 1
measurement of b-tagging efficiency 150\ O tagond jet Sultiplcity / ¢ -
» Result: \\ = combined /
=\ o | .
i \: ]
R=1.014 % 0.003 (stat.) £ 0.032 (syst.) i \'-\ ]
0.5 N
|V,|>0.975,95% CL i ) 1
O:I | ) - I Ll 1' I\'*_I_I (-l I |- I 11 1 [:
» Indirect measurement of I',: including single-top t-channel 0.94 09 098 1 102 104 106 108
cross-section measurement: R=B(t—> Wb)/B(t> Wa)
r Ot_ch. F(t —> Wb) ) CMS, Vs =8TeV, [Ldt=19.7 fb" PLB 736 (20|4) 33
t = . e = ee events , up events I 2)ets eu events
Bt — Wb theor. & E e paa : LT
( ) Ut-Ch. 10000 -:—' D[f : :
. 8000 | [] Single top quark | |
»  Assuming the SM value | (t—Wb)=1.329 GeV - [z (data) : :
corresponding to m, = 172.5 GeV), and soco [~ EWV ! ! 3jets
q B(t = Wq) = I, hence R = B(t — Wh): = B W, muttets, other ! !
4000 |—
2000 3jets S e
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: T e W, [ lei gt L W, el 7Y -
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b-tagged jet multiplicity
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Search for four tops

» SM process with very low cross section:
oMo (tttt) = | fb(LO) + ~20+30% (NLO)
V. Barger et al., PLB687(2010)70
M.W. G. Bevilacqua, JHEP1207(2012)11 |
» Production largely enhanced in several models

beyond the SM

Composite top and Higgs, extra dimensions,
supersymmetric cascade decay with multitop final

states, ...)
» Analysis strategy look for:

@ top decay to e or
@ tops decay hadronically

3-jet combinations scored as top decay using a
dedicated BDT (“multitopness”) against semileptonic

tt
Second BDT adding more event variables

No significant excess observed:
3 o(tttt) < 63 fb (exp: 42*'8 |;fb) ,95%CL

CMS-PAS-TOP-13-012

8TeV, 20 fb’!
\ummmg,—:—
C ] t
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