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CMS: ATLAS:

* Gives interesting insight in how collaborations work in practice
* ATLAS has found different solution to same problem




The top quark

* First evidence 1994, CDF
* Discovery by DO and CDF in 1995

 Heaviest known fundamental particle, m, =173 GeV/c?

e Lifetime ~5%X1072> s = no hadronization before decay

CMS Preliminary 200
180
CMS 2010 dilepton 17/55146+46
JHEP 07 (2011) (L=36 pb") (val. £ stat. + syst) 160
CMS 2010 lepton+jets 1731+ 21+27
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PRL 74, 2632 (1995)

Idiscovery PRL 74, 2626 (1995)
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10000s of events

CMS 2011, 5.0 fb'at (s =7 TeV
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* Electroweak production
of top quarks

tW channel
t- channel

N . A i  Dominant channels at
>“"< LHC @ 8 TeV:

! y — t-channel: 87 pb

— tW channel: 22 pb

— s-channel: 5.6 pb

s-channel
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“alljets” 44%
= SiX jets

ttjets 15%

B-quark identification
used to reduce background

t¥e .
\)_\,\y utjets 15%
_ e e+jets 15% .
“dileptons™” "lepton+jets™
= two jets, two leptons, MET = four jets, lepton, MET
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* Many models predict tha
top is special in order to
explain large mass

* Or top quark has special
role because of its large
mass
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A, of the Top Quark
[ V. Ahrens et. al., July 2011
arXiv:1106.6051v1 (2011) . .
S * CDF and DO measure
arXiv:1107.2606 (2011) * preliminary
values not consistent with
CDF LJ — e ?;;8;1;).074 (+0.072+ 0.017) Stan d a rd M 0 d e I
CDF DIL* —_———
0.420 i10.158 (+0.150 + 0.050) .
(51 * In multiple decay channels
GDF combined* —e— 020120087 gama-omy and across multiple
experiments
DO LJ** ~—e—  0.196+0.060 ‘3918 . .
(5415) — Compelling to explain as new
| | | | | Ph)’SiCS
-04 -0.2 -0 0A.2 04 0.6 0.8
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| 7 SM parameters do not constrain creativity

. SUSY in all it’s variations
-  GMSB
—  MSSM, CMSSM etc

*  New strong interactions?

— Technicolor; excited quarks; compositeness;
new ‘“contact”’ interactions

*  Exotica:
—  Weird stuff: leptoquarks?
— New “forces™?
— New resonances (W-Z-like)

— More generations?
Fourth generation (b’/t’)

— Gravity descending at the TeV scale?

— New resonances; missing stuff; black holes;
SUSY-like signatures [Universal Extra
dimensions]

. SUSY-inspired exotica:
— Long-lived massive (new) particles?
*  Some true inspirations: “hidden valleys”?

¥ Vrije Universiteit Brussel
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Little Hierarchy problem, Naturalness




Little Hierarchy problem, Naturalness




Little Hierarchy problem, Naturalness

If fine tuning <=10%:
Restrictions:

/\quarks o 2 TeV

N ~< 5 TeV

gauge
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“Physics beyond the standard model” -MSSM
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MSSM vs SUSY

gauginos

CMSSM




CMS Integrated Luminosity, pp

Data included from 2010-03-30 11:21 to 2012-12-16 20:49 UTC
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* The LHC and CMS: outstanding performance
during LHC Run |

* Detector performance
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Compact Muon Solenoid

SILICON TRACKER
Pixels {100 x 150 um?)
~1m? 66M channels

Microstrips {50-100um)
Pix I ~210m? 9‘}6M channels
e S‘/ CRYSTAL ELECTROMAGNETIC
Tracker v~ CALORIMETER (ECAL)

76k scintillating PbWO, crystals

ECALY’
HCALy”
Solenoid v~
Steel Yoke 7 \

Muons v /

/

PRESHOWER
~~ Silicon strips
~16m2 137k channels

STEEL RETURN YOKE
~13000 lonnes
SUPERCONDUCTING
SOLENOID
Niobium-titanium coil e , o
carrying ~18000 A -1 | FORWARD
£, 5 SR CALORIMETER
;’:Z/' v Steel + quanz fibres
HADRON CALORIMETER (HCAL
Total weight : 14000 tonnes Brass + plastic scintillator ¢ ) MUON CHAMBERS
Overall diameter :15.0m Barrel: 250 Drift Tube & 500 Resistive Plate Chambers

:28.7m Endcaps: 450 Cathode Strip & 400 Resistive Plate Chambers
:38T




CASTOR
csc CSC —
RPC RPC —
DT DT —
HO HO |
HF HF | 1 —
HE HE | | —
HB HB —
HCAL HCAL S
ES ES —:
EE EE I E—
EB EB I E—
EB+EE ECAL —
Strip Strips E—
Pixel Pixels ”
90 92 94 96 98 100 90 92 94 96 98 100
December 2010 February 2013
CMS CSC | RPC DT | HCAL | HCAL | HCAL | HCAL HCAL | Presho | ECAL ECAL ECAL | Strips | Pixels
Subsystem Outer | forw. end. barrel wer end. barrel
% operational | 97.2 | 974 | 985 96.9 99.9 99.9 99.4 99 96.8 98.4 99.1 99 97.5 96.3
Feb 2013

y Vrije Universiteit Brussel




LHC 2012 run: Pile-U

. CMS Average Pileup, pp, 2012, Vs = 8 TeV
* OQutstanding LHC 50

| | | | ]<u>¥21
performance comes g g
at a price:
« 2011:

e RunA:5PU
e Run B:8 PU

e 2012:
* Average: 21 PU
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Particle flow

Charged
hadron

HCAL
deposit

ECAL
deposit

Photon

Neutral
hadron
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PF combines information from all
subdetectors in a global event

description

— reconstruct ‘particles’ such as charged/neutral
hadrons, photons, muons, electrons

~J
~ .
LS}J * These particles are used to construct
composite objects such as jets, taus, missing

* Particle Flow transverse energy

— Reject tracks from non-leading collisions

'
' before creating composite objects

neutral
hadron

— And make assumptions for background from
photon neutral particles

* Widely used in CMS, LHCb

— CMS: big improvements in energy
resolution jets, MET, tau identification,

23



CMS Preliminary 2012 Vs=8TeV,L=19.6fb"
II[IIIIII]I|IIII|IIII']IIIIIIII|IIII|IIII|IIII
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A . | Electron efficiency :
- i 06— o e -
|- | | stable vs # vertices :
0.9:_ ............. : ' : . : ) : _f 04 __ _—
- Muon identification . i Probe in barrel: 0 <y | <1.479 :
0.8 efficiency vs # vertices = i ’ |
E E 02 | ® Data ]
0.7 [ P;>20GeV +Data E : Simulation |
0-6: |r|u)|<2.1 +MC .... —: O_I L1l | I | L1 | L1 | L1 I Ll | L1 | Ll | L1l | Ll |—
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Number of vertices  Substantial effort necessary

to achieve this stability
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* For most analyses, CMS
uses anti-k; jets with a

_ 10CMS Pre||in|1ir|1a|r|y|,||L= 1.§ fbl'1 _ \EﬁlsTeV
. é - = Total uncertainty .
distance parameter of 0.5 3 9 ~ Absolute scale
€ gf ~ Relative scale ]
1 1 © - -o- Extrapolation .
* Particle flow algorithm g 12 -
allows very good agreement £ ¢ - Time stability
between data and MC with § ° Antik, R=05PF |
. 4 |n_et|=0 =
small jet energy scale 3l ' -
uncertainties of
1 e _
OZ ‘e;i?sé"-

*‘r.'.-f'.-'=e=;=
P, (GeV)

100 200
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* Particle flow extremely
powerful approach for
missing ET reconstruction

* Missing ET sensitivity to
PU irreducible
— But well reproduced in MC




CMSPreI ||||| 164fb at /s =8 TeV
16000 ; IIIIIIIIIIIIIIII ‘ T T T T | T T T T {
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CMS Preliminary 11.5fb" at {s =8 TeV
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@M 0.7 =
*T' 7
Q 3

. Long lifetime of b-hadrons in
b-jets

= = |512x 1025
" ¢t =455.4 um

« Combination of lifetime
information in MVA

* Efficiency measured in
top and QCD events

(data) using multiple

methods
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PAS JME-10-013
* Once boost of top

w
a
o

&: - Top Tagging u

S " CMS Simulation 0.12 I

8 w0zt quarks high enough

£ 250 * Decay products become

collimated
— W->qq in one jet
— Or t->bqq in one jet

300 400 500 600 700 800 000 ° * SPECiaI reCOnStrUCtion
pl (GeV/c) .
T | algorithms needed:

— Cambridge-Aachen
algorithm with distance

parameter 0.8

Type 2
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Jets with substructure

Jet3:
pt 47.8 GeV/c,
b-tag discriminant 4.2

Jet 1 : Top Tagging
pt 589.1 GeV/c,
3 subjets,

mass = 186.7 GeV/c2,
minMass = 87.2 GeV/c2

Vrije Universiteit Brussel

Freya Blekman (IIHE-VUB) Vrije Universiteit Brussel

Jet 2: Jet Pruning

pt 484.3 GeV/c,

mass = 68.8 GeV/c2
Jet 2 + 3 : Mass = 167




Jets with substructure

CMS y Vrije Universiteit Brussel
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CMS,L=5fb"at s =7 TeV CMS,L=5fb"at \s =7 TeV
o AL L I BN B R NLELELES NN BRI BLELR N L L A
o 180 F — RS} r ]
> 160 E = >120 .
& F mPAA= 83.0+ 0.7 GeV/c> 3 & F ]
w0 ::g = miC = 825+ 0.3 GeV/c® = 1001 E
) = - ~ C e Data
T 100:— ° [zata 2 80: B it
e - Bt ] S 60— I W+dets
W 80f EWw+dets 3 ok CINon-W MJ
60 |:| Non-W MJ- -
: . : 40 _ ]
40 — Datafit C
20 F 3 -
00 20 420 60 80 100 120 140 160 180 200 % 100 200 300 400 500 600
m(W-jet) (GeV/c?) m(W-+b) (GeV/c?)

* Algorithm validated using muon+jets selection

* Data shows that W boson and top quark (using di-jet

events) can be reconstructed this way and is
reasonably well modeled

¥ Vrije Universiteit Brussel
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* 'Il'evatron combined* 1.96 TeV (L=8.8 ")
ATLAS dilepton 7 TeV (L=4.6 fb™)

CMS dilepton 7 TeV (L=2.3 fb")

ATLAS l+jets* 7 TeV (L=0.7 o)

CMS I+jets 7 TeV (L=2.3 fb")

ATLAS dilepton 8 TeV (L=20.3 fb™)

CMS dilepton 8 TeV (L=5.3 fb")

LHC combined eu* 8 TeV (L=5.3-20.3 fb'1)
ATLAS l+jets* 8 TeV (L=5.8 fb’)
CMS Il+jets* 8 TeV (L=2.8 fb')

* Preliminary

s NNLO+NNLL (pp)

250}

200}

150}

verview
ATLAS+CMS Preliminary Sep 2014
TOPLHCWG
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Czakon, Fiedler, Mitov, PRL 110 (2013) 252004 7]
My, = 172.5 GeV, PDF@® o uncertainties according to PDF4LHC
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Events

]

i

|

* Cross sections ~225 pb
In combination with 20 /fb

CMS Preliminary, 19.6 fo'at ys = 8 TeV o

10" g T T T T T 1
10°L Dilepton Combined P> 60 GeV d a_ta_s ets:

® Data
10° -tESignaI .
” = foner — LHC is a top factory
3 [ W+Jets
10 B Z/y* - eeln
102 Z.ly*—mr

[ 1Diboson
10
1
107 — Very productive program
15 [ = of Standard Model
e i _ precision top physics
S i3 3 4 5 6 7 8§ 9

Jets
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* Production of tt+X now

Feb 2015 CMS Preliminary
u Sed to d 0@1 eaE_S ureme nts ¢ 7 TeV CMS measurement (L < 5.0 fb™) E
—— 1oL~ ¢ 8 TeV CMS measurement (L < 19.6 fo™) __|
to test S M o 10 = — 7 TeV Theory prediction S
c , = n — 8 TeV Theory prediction .
S 10 g  CMS 95%CL limit =
— o ]
8 [ Xl _
D 10° - 5
8 — = Rol -
O 10 T . =
c — -f- - -
S 'f' o -
"g 1 0 %‘ o™ %
© [ _]
° 1L _
o = z s
107 mil -

W >1j 1507 153 1 4j 1 z 151j 1 52) 1535 1 54wy | zy wlwz! 2z 172 Ewly

s WW qqll
All results at: http://cern.ch/go/pN;j7
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Next: undiscovered ttbar+X final states

t )
< CMS 19.6 fb”' (8TeV)
g B8 . e tf + I/gg
> qc) 105 1is0. e, Njets >7, thags 22 = tE'fv-l(lOE/bB
t T H; 2 400 GeV, E™™ 230 GeV - (f ey
g 10* #es Scale uncertainty
_ —— SM fiif (x 100)
t 10° ¢ Data
Y 10? :
g 10 .
1
o)
5 1 ..................................................................................................
O A BSEEE mmmecemssceccees o
42 0 s
(OU 1 .................................................................................................................

03 02 -01 0 01 02, 03 04
BDT,,. discriminant

Production of tttt in SM: 1 fb!
Limits now at xsec<32 fb

Very sensitive to QCD-BSM
Src: TOP-13-012: JHEP 11 (2014) 154

;ssel
4

35



Heavy resonances decaying to
top quark pairs




Investigating ttbar invariant mass distribution

 Differential cross sections now
available for 8 TeV sub-set

 Searches in tails of distributions
ongoing for 8 TeV full sample

— Expect results very soon
CMS Preliminary, 12.1 fb" at {s = 8 TeV

= LN B NN L N B - -
> e/u + Jets Combined ¢ Data ] - -
8 102 —— MadGraph B P - Rl
= 2o MC@NLO
3 £ ---- POWHEG
<o 10°® . . .
« 7’ scenarios interwoven with
o4 natural EXO solutions and Ag;-
explaining models
107
: * M., distribution sensitive to
10% 400~ 600800 7000 12001406 7600 many new physics scenarios

src: TOP-12-027 PAS m® [GeV]
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* Searches in different top decay
channels
— Dileptons  tt — £ *vvbb
— Semileptonic = lepton+jets tt — (vqgbb

proton

— Hadronic= alliets  tt — qqqgbb
* And in different regimes

— Close to 2x(top mass) threshold
 Sensitive to shape of SM M(ttbar) distribution
« Conventional top physics techniques may be
used
— More boosted

 Sensitive to more massive M(ttbar) BSM physics

* Dedicated reconstruction techniques may be
necessary

¥ Vrije Universiteit Brussel
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* Require only one lepton, >= 4 jets and
split in b-tag multiplicity

CMS prelimin?_ry ]
simulation at ¥s=8 TeV ]
i, =4 jets, = 2 b-tags

« X2 sorting used to select best jet combination

* Using data-driven estimates for falling
distribution of top pair mass spectrum above
500 GeV/c?

Events/(30 GeV)

* Systematic uncertainties take into
account rate and shape changes for

signal and background model ) 0000 1500 3000
M . (GeV), muons

src: CMS PAS B2G-12-006

¥ Vrije Universiteit Brussel
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* Fit to falling distribution in electron/muon final states used to
set limits (| and =2 b-tag regions fit simultaneously)

— Fully data-driven method, only makes assumptions on resonant
shape of signal

lllllll[lllllllllllll'l
CMS preliminary
19.58 b at ¥s=8 TeV
e, 24 jets, = 2 b-tags

IIIIIIlllllilllllllllllll
CMS preliminary
19.58 fb' at Ys=8 TeV
i, =4 jets, = 2 b-tags

Events / (50 GeV)
2,
|
Events / (50 GeV)
2
I
|

—4
CR)
LR L
|
—
o
n
|
|

3 3 10F f E
N T P T PR e 1 ) N -I...I...I...I...I...I...I.&j

600 800 1000120014001600 18002000 600 800 100012001400 160018002000
(% 7 (GeV), muons Mﬁ (GeV), electrons

src: CMS PAS B2G-12-0
X § % VI UTIIVEISILEIL DIrussel
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Semileptonic, non-isolated

» Alternate analysis: Loosened lepton
CMS Preliminary, 19.6 fb", (s = 8 TeV

isolation criteria allow jet/lepton overlap = 500 oo =t
. . = ; ‘ W Wl (+b)
* Focus on mass tail: require harder cuts on £ b SngeTo
leptons and jets 3 s orevi o
1500 RS Tave 6o
* Only at least 2 jets+lepton required o Easomamnis”
. . 1000 Uncertainty
« X2 sorting used to select best jet
combination
. . | i
* Simultaneous template fit to M(ttbar) in % 300 400 500
. R TP M,ophaa [GEV/CT]
different b-tag multiplicities and electron/
f. | d | . CMS Preliminary, 19.6 fb", (s = 8 TeV
muon final states used to set limits 2 S0 im0 R
M . > ; /—»_):
* Backgrounds normalized to control region £ 40001 = ST
. . > ‘ it
where SM ttbar is dominant ® ol Ao o
‘ R Fri b
: —@— CMS Data 2012
2000 . X Uncertainty
1000
0
src: CMS PAS B2G-12-006

jets
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Semileptonic, non-isolated

CMS Preliminary, 19.6 fb", Vs = 8 TeV

. . . .
3 oL T Multiple scenarios considered
'E F =fthe,s — Worlds best limit on production of resonant
e B —Z'1.0 TeV/c: (1%) ttbar:
d>) 102 - OSSO g' :2;3 szz g:ﬂ .
® i Craortamty « Z (width 1.2%): m >2.10TeV
: - + CMS Data 2012 * 2’ (width 10%): m > 2.68TeV
10 E— . ), ,-.A;...-“-...'.:“.A.ei-lets, Nb-tag >1 . KK glUOI’\S: m > 2.69 TeV
- * Resonances in low-mass region:
= excluded with xsec > |-2 pb!!
-1 | : i
107, 1000 2000 3000 4000 5000 CMS,L=19.616",(s=8TeV  Z' with 10% Decay Width
Mﬁ [GeV/ C ] ‘-gl_ - - \ —— Expected (95% CL)
o 2 m %_ \\ ----- Observed (95% CL)
e > - N — - 7' 10.0% width
f o . +++ o 10F \l\ ] Expected\:l-l1 s.d
S 2009 e = \ T a.
—— | SRR ... B ... et -
% 1 ’. S +++ il £ B | ~ - Expected + 2 s.d.
0.5 t 3 1
0 : . : . @ P
0 1000 2000 3000 4000 5000 2 o' |
=] . [ e T Tt
102E|||.II...I...I...I PRI N
0.5 1 1.5 2 25 3
B2G-13-001, Phys. Rev. Lett. 111, 211804 M. [TeV]
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All hadronic, boosted, 8 TeV

* Using boosted objects and jet
pruning to identify substructurgssm.semses

A E
S 1800F o
[0 - DATA = 84.3 + 0.3 GeV/c® -
— Full merged topology G 16007 B e
w1400 my~ = 83.7x0.2GeV/c® -
. . 5 1200F =
* Cambridge-Aachen jets  £7°°F . ;
> C i ]
‘t . t ’ L 800;— [ W+Jets _;
OPp J€ets 600F g, B — v =
) . 400 [ Single Top B
. - e o — Data fit ]
— ‘W boson jets 200k W E
0e = f ' ’
~ ~~ ‘~ 80 80 100 120 140 160 180 200
T 1+ T 1

ype 1+ Type Type 1 + Type 2 Hadronic W Jet Mass (GeV/c?)

W candidate

Top candidates
d Jet 2 \
.> 4‘ ] Top candidate

b candidate

B2G-13-001, Phys. Rev. Lett. 111, 211804
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All hadronic, boosted, 8 TeV

* Using boosted objects and jet
pruning to identify substructure

CMS Preliminary, Vs = 8 TeV, 19.6 fb”
__1_ T T |_|_I_

— Full merged topology = 10- .
O 120 -
. . o -
* Cambridge-Aachen jets < oof -
. % 80;_ * Data =
— ‘top jets’ T eof W E
- [ wadets E
— ‘W boson jets’ i Dzwee
20— [ single Top -
Type 1+ Type 1 Type 1 + Type 2 0 ~""T00 200 300 400 500 600

Top Candidate Jet Mass (GeV/c?)

Top candidates

, det 2/- |
.b 4‘ ] Top candidate

b candidate

B2G-13-001, Phys. Rev. Lett. 111, 211804
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All hadronic, boosted, 8 TeV

* LLH fit to bumps in mass
SPeCtrum used to set _ CMS Preliminary, js=8TeV 106%5"
P -
. . § 1000 __ —e— Data
I IMIECS > - [ Non-Top Multijet
) 800 B s i
o L ——— 1 TeV RS KK gluon
e - —— 2TeVRS KK gluon
> 600 = B ——— 3 TeV RS KK gluon
w —
S L
w400 -
200 | e
800 1000 1500 20005560 3000
tt Invariant Mass (GeV/c?)
3p 2
2~ | " 8
= O
: E " 0 38
o 0 ; "r |+m [ —+— 0 i g
2 15 O
3E : : : : 2
500 1000 1500 2000 2500 3000

B2G-13-001, Phys. Rev. Lett. 111, 211804

] ¥ Vrije Universiteit Brussel
H
|




All hadronic, boosted, 8 TeV

* LLH fit to bumps in mass

CMS Preliminary, Vs = 8 TeV, 19.6 fb”
—I—v—ﬁ—| T T T T T T T T

T T T T T T T T T T T

103 g_ —e— Data o

spectrum used to set limits | B Ron-Top Mute
1 TeV RS KK gluon
10° 2 TeV RS KK gluon

3 TeV RS KK gluon

Events / (50 @bV/c?)

10 &

* 95% CL upper limits on 1t

increased cross section at high % 1 0 e Gevi
mass:

Onprsm < 1.2 Ogy for masses above
| TeV

B2G-13-001, Phys. Rev. Lett. 111, 211804
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Combined limits

CMS, 19.7fb ', {s =8 TeV Z' with 1.2% Decay Width o
- fs=8Te b ey CMS, 19.7 fb™, s = 8 TeV
'g_ - == Combination 3‘ 102 §
= — Threshold e+y+jets Qo - eee Expected (95% CL)
T e T T oL D —— Observed (95% CL)
N : = BOo0S all-hadronic § !
(O :l 5 \\ ; — = 7' 1.2% width
- 4
g r @ ¢ 7‘ I +16 Expected
o] Al S )
10° E :; - +2c Expected
- S 10
L 2 g
102 E N
= T | | Lol : 10—2 E-
0.5 1 1.5 2 2.5 3 2 E N
M, [Tevic?] a [ ~
= N
1079 L | | | PR
0.5 1 1.5 2 2.5 3
Mz [TeV]

* Combining results gives more sensitivity in high mass regime

B2G-13-001, Phys. Rev. Lett. 111, 211804
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Heavy top partners




Fourth Generation

Top or
Bottom
partner

* Fourth generation one of
more compelling SM
extensions

— Direct and indirect limits
on simplest SM4: excluded!

(7 c t . +2/3e

\ \
Ves

7
ts
th
ch
N S “ b —1/3e

More elaborate fourth
generation models still
alive

— Any SM extension with a
Higgs doublet and fourth
generation

— Any models predicting

other heavy top partners
such as 2HDM

— Vector-like quarks that are
top quark/b quark partners

— Exotic top partners with
with different charge
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Vector like quarks

* Non- SM fourth generation ¢ Models benchmark for

very hot topic new physics decaying top-
— Can enhance CP violation like:
— Heavy neutrino as DM — Extremely rich
candidate phenomenology with final

states with multiple gauge

* Vector-like fermions (non-
bosons, b and t quarks:

chiral fermions): . T->bW.tZ, th
— Not excluded by Higgs cross « B->tW,bZ,bh

sections — Current searches mostly
— Little Higgs models pair production

Nucl.Phys.Proc.Suppl.117 (2003)40

— Warped extra dimensions .
Phys.Rev.Lett.83:3370-3373,1999 possible

‘:‘7{ Vrije Universiteit Brussel

Freya Blekman (IIHE-VUB) Vrije Universiteit Brussel

— Single production also

s,
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Vector-like quarks:

Wb

Similar triangle
for

B-like VLQ

ht




Combined t’ search in |+jets and multileptons

CMS preliminary ~ ys=8 TeV 19.6 fb™!

* Require one isolated gos v

3,5 : :
3 10°g  e+23 jets/>1 W-jet [ other backgrounds

lepton pT> 32 GeV o Soncertsnty
, T__THS_M GeV (x100)
* And at least 3 jets plus: ot B
— Fourth jet —

— W-tagged CAS8 jet in first

LALLL BLRLLL IR |

3 jets
BDT Discriminant
; CMS preliminary  {s=8 TeV 19.6 fb™
5105? +2>4 jets/no W-jets " daa
.+ Lijets analysis employs £ e g,
. . 10°E % . Nuncertainty
Boosted Decision Tree | o TGy a0
to reach maximum b
sensitivity ) G
£ 1
src: B2G-12-015, JHEP 06(2014) 125 Y

¥ Vrije Universiteit Brussel
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Combined t’ search in |+jets and multileptons

* In multilepton channels * Example:

events are separated by — same-sign dilepton events
backgrounds — Opposite sign same flavor
— 12 cathegories, cut and leptons + one extra

count experiment in each lepton

CMS preliminary Vs =8TeV 19.6 fb™' OS dileptons CMS preliminary Vs=8 TeV 19.6 fb" SS dileptons

Z10* e data > #-data

z s -Drell Yan g [te+bosons

2 10 . single top g [ multi-bosons

§ , [ I § [[|non-prompt

=10 uncertainty =

ST T T (800 Gev) x 100

- T T (800 GeV) x 100

Pull
Pull

: 2
0 100 200 300 400 _ 500 _ 600 200 400 600 800 1000 1200 1400
min(m ) [GeV] S, [GeV]

src: B2G-12-015, JHEP 06(2014) 125

¥ Vrije Universiteit Brussel
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* Single lepton, at least 4 jets, * Only ST considered to be
one b-tag more model-independent

* Again, focus on boosted * Sensitive to tWtVV, tWbZ,

(vector-boson-tagged) jets tWbH, bZbZ, bZbH, bHbH
final states

CMS PreliminaryNs = 8 TeV, u + jets o . L .
c IAD r T, CMS PreliminaryN's = 8 TeV, e + jets CMS PreliminaryN's = 8 TeV, e + jets
@ ta 19;
a 0® = t‘l.'ij;ts & ®-Data 192 5
£ POST-FIT  isiets 30° POST-FIT i 3
S [ Z+jets £ i 4
(@ B g Sl singlet o
i w N @

-
o
N

-
o
S

-
-

o :
o v s »

Data / Bkg
Data / Bkg
Data / Bkg

600 800 1000 1200 1400 1600 1800 2000 2200 2400 600 800 1000 1200 1400 1600 1800 2000 2200 2400
S, 1t

S, 1t (Ge
src: CMS PAS B2G-12-019 — CMS combi

] ¥ Vrije Universiteit Brussel
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Combined result in BR plane: b’

i B = = = = == = = == = N = = = = = = = = = = = = = = = - I = = = = N = EE . I E = = = = = O = O N N N = ...
o ; CMS Preliminary 19.8 fb™, /s =8 TeV
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Combined result in BR plane: t’

CMS preliminary ~ Vs=8 TeV 19.6 fb™ r ,
E F - observed 95% C.L. CMS preliminary Vs=8TeV 19.6fb" T
o 1E e expected 95% C.L. BROW) Iﬂ:’xpectgd limits:
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* Focus on same-sign dilepton
channel
— Leptonic W bosons from same
T5/3
* Understanding same-sign fake
and prompt lepton
background

— Non-prompt background
determined on data

— Prompt: rare decays from MC:
* WW, ZZ, ttbarVV, ttbarZ, WWW

src: B2G-12-012,, Phys.Rev.Lett 112 (2014) 171801

¥ Vrije Universiteit Brussel
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* Very busy environment: requir
same-sign leptons outside Z
boson window and HT>900
GeV

* High-mass leads to merging of
objects:

— Substructure considered as V-
tagged jets or top-tagged jets

e Cross section limits

exclude q=5/3e top

partners with mass up to
770 GeV/c?

102

10

10"

src: B2G-12-012,, Phys.Rev.Lett 112 (2014) 171801
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- 19.6fb " at Vs =8 TeV
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CMS ttbar+DM

e Searches for
threshold ttbar Py
production with low
missing ET

i C O m P I e m e nta ry to 7’9’/ ™ {s=8TeV,L=19.7 b

more SUSY-inspire; s & Stk |
searches that for :  —Zi...
example focus on © i
stop+LSP pair 7"

production T il e Sue Rl
CMS-B2G-13-004, (19.6 fb"'@ 8 TeV)
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i o ! o CMS Preliminary 19.7 pb™ at {s=8 TeV

£ o LI A

2 - P 60, 60, 40 GeV []Z+jets ]

- F, > 350 GeV [ W+jets I

200 [ T R T -

g r - v 5

) . : {_ []Single Top -

® I n 7)) — Vector DM
Prod.u.ctlon c?f one top quajtrk : e )
recoiling against DM candidate 100 D]

® Signature: one hadronic top quark + ‘ ’

E-miss 0
* Complementary to typical ‘mono- [ g S ——
X’ signatures A — - '
* Signature favoured in DM scenarios ‘=420 acbas) ki b ik
with modified couplings to heavy f :

0 400600 '8(30'3,9’ts 1600
flavour i (GeV)
CMS-B2G-12-022, hep-ex:1410.1 149, submitted to PRL, (19.7 fb"@ 8 TeV)
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CMS monotops

50 I— Sjets .................................................... , ....................... data
P, > 60, 60, 40 Ge\/ [ Z+jets
. > 350 GeV ' ] WHjets
I it

CIvw
veto e, [ ] Single Top
"""""" | — Vector DM
(m=700 GeV)

® Analysis investigates Ermiss and
invariant mass of three-jet syste
recoiling against E miss

n
——
c
o
>
0]

40

30

* After b-tagging the signal should be
visible as a peak at the top quark
Mass 10

»
I ~H~N |

0 :
* No excess observed above SM £ - , E
background, dominated by ttbar § &2
and Z boson+3 jet production 0'25 e

0 200 400 600 800 _ 1000

CMS-B2G-12-022, hep-ex:1410.1 149, submitted to PRL, (19.7 fb-'@ 8 TeV)
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95% C.L. limit on o x Br (pb)

e Limits

9 CMS Preliminary 19.7 pb'1 at {s=8 TeV CMS Preliminary 19.7 pb'1 at Vs=8 TeV
L N O L B B B B B ] 3 ] T T T T T T T ] T T T T T T T T 1T
18 - —— Scalar DM theory ox Br ; 3 1 ——— Vector DM theory ox Br |
16 3 -------- expected limit m : -------- expected limit
O 3 X a3
14 —e— observed limit - ° 08 —e— observed limit —
12:\ - xpected + 10 limit - - -exp ted = 10 limit
. - € i
B I:] expected = 2 o limit A = 0.6 3 I:] expected = 2 o limit N
. E _! 3 . . E
. 1o —
E X 04
3 % | | ]
' b (o)}
0.4 0.2
0.2F . ! ‘ j
: I~ ] \ \ \ ]
800 300 400 500 600 800 600 700 800 900
M (GeV/c?) M (GeV/c?)

set for Scalar and vector couplings

* No mapping to flux or coupling strength limits
as in monojet/monophoton searches

CMS-B2G-12-022, hep-ex:1410.1149, submitted to PRL, (19.7 fb-'@ 8 TeV)
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Conclusion & Outlook |E_

e CMS has dedicated searches
program in the top sector

— Top-like Exotica
= Beyond two generations (B2G)

* Pushing the envelope:

— very stringent limits |

— spearheading new reconstruction’ ¢ ~s
techniques

* Some ‘final word’ papers in

pipeline — but these techniques =

will really flourish at 13 TeV
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