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» Searches within “Beyond 2 Generations” group:
> non-SUSY searches mostly with top quarks
> intersection of Top, Susy, Exotic physics

> challenging final states: involved in |
development of cutting edge reconstruction

techniques . EXO

» Personal selection with focus on recent results. More at:
https:/Itwiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsB2G



Boosted regime: classical selection methods fail

v [

[/ b-jet

sleptons close to jets >decay products from heavy particles
merged into large fat-jets
>Cambridge-Aachen (CA) jets R=0.8/1. 5

>jet substructure



P Top Taggers:
> CMS Top Tagger, based on CAS8 jets
> HEP Top Tagger, uses CA15 jets

« substructure: = 3 subjets
 jet and subjets mass requirements (top and
W masses)

» W/Z/H-Tagging based on CAS jets:
substructure=2 subjets + mass cut

P Subjet b-tagging:

 displaced tracks and secondary vertices
(SV) within subjet to build b-discriminator
* improves top-tagging + H—bb tagging
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HEPTopTagger FatJet
et =407.64
eta = -0.556
phi =2.622

mass = 161.73

Gompact Muon Solenoid

SubJet1 -
et =169.16 ;
eta =-0.406 1
phi = 2.277
Muon1
SubJet2
et = 130.09 pt=81.94
eta =-0.440 etg =-0.831
phi = 2.680 phi =-0.214
SubJet3
eta =-0.799
phi = 3.108
b-Jet Candidate
et = 35.82
eta =-1.054
phi = -1.631 Muon2
pt = 6.28
CMS Experiment at LHC, CERN eta =-0.996
Data recorded: Sun Jun 17 03:03:28 2012 EDT phi = -1.675

Run/Event: 196453 / 843094521
Lumi section: 966
Orbit/Crossing: 253203169 / 1248

>

Semileptonic ttbar
event display

hadronic decay:

3 HEP Top Tagger

subjets
substructure +
mass
requirements to
tag top

 displaced tracks +

SV within one subjet:
b-tag






P Resonances in BSM models:

Z t
Z—tt, W—tb, t*>tg <
» Predicted in many models: WelL t
> extended gauge sectors b
> top-colour condensates
> warped extra dimensions N
> Kaluza-Klein excitations t 5

> compositeness: excited top
quarks 8



P Boosted full hadronic:
> 2 back-to-back high-p_jets

> both CMS top-tagged

P Boosted semi-leptonic:
> high-p_ CA8 jet (hadronic decay)

> lepton (e, 1): no isolation required
> n b-tag event categories

P Resolved semi-leptonic:
> 4 jets, isolated lepton, E_ ™
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eBump-hunt search in M
@Various theory models

considered: limits between 2.1-

2.5 TeV



» Top leptonic decay:
> one isolated lepton (e, W) ~ 1

CMS Preliminary

,19.6 fb' at Vs = 8 TeV
| | T T | T T T S

> 2 jets, one b-tagged =l
0.8
» Observable M(tb): o
> top candidate+highest-p_ jet : |
0.4 —
® Both left- and right-handed W' ol |
couplings considered: 05 CL Omerved | 950
> accounted left-handed interference O 0 o os 800
with SM al

» Limits for W' .: m>2.03 TeV



Di-lepton
¥ ttbar signature + =2 jets

P Lepton+jets: v
> one isolated lepton (e, H)
> 206 jets, one b-tagged "

P Di-lepton:
> two isolated leptons (e, W)
> 2 b-tagged jets

: g, -
Lepton+jets analysis
CMS,L=19.5fb", /s =8 TeV

> 2 non b-tagged jets Q  f L Spina2
o 10k S, Spin 1/2 heavy quark
) o) E "-.,.' — Observed limit
P Mass t* reconstruction: O S apoc s mi
> from objects in final state o T B o, 7 95% CL )
m | :
. . . X B A
» Limits from M shape for different 0107 E
models: m_ < 803 GeV for spin-3/2 t* | 1
107 F E

e oy 4
400 500 600 700 800 900 1000 10
m. [GeV]
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P Minimal SM extension with 4™ generation of
quarks replicating SM ones excluded after Higgs

discovery

P Still interesting:
> vector-like quarks
L- and R-handed chiralities transformed in
the same fashion under SU(2)®U(1)

» Predicted by many models:
> Little-Higgs models t cms style tH
> composite Higgs models
> warped extra dimensions
Decays:

» Current results for pair production Top-like T': T'-Whb, Zt, Ht

Bottom-like B': B'—=tW, bH, bZ

12



HEPTopTag
q

» Use of most
advanced
substructure:
b-tag > HEPTopTagger
> subjet b-tagging

(first time)
9 @ subjet » Increase acceptance:
b-tag

> =21 top-tag and = 1

CA15 fat-jet
Top

CA15 fat-jet

t M=l subjet nggS-tag
top-tag: Higgs-tag, H—bb:
HEPTopTagger 2xsubjet b-tagging

subjet b-tagging jet-mass > 60 GeV
13



» Two observables combined in Likelihood: HT=ZijetS and M

» ==1 and 22 Higgs-tags categories

Higgs

» Use of substructure: QCD background reduced to the level of tibar
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II[IH}
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— - Theory TT'
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! . . . ! . . .
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» Limits competitive with leptonic final states: obs. limit 747 GeV
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BDT discriminant, single i channel

P Single lepton: s foem  wsw
multivariate analaysis i S F

= ncertainty
substructure 10°

10?
10

© two event categories: with or without W-tag

© top-tagging applied
© boosted decision tree BDT.:
- multiplicity/p_ of reconstructed objects

(lepton, jets, tagged jets...)
* N of b-, W- and top-tags

Pull

P Multilepton:
> counting experiment
> event categories:
» two/three leptons
» opposite/same-sign di-leptons

NAOSN

---- TT 800 GeV (x100)

—1IIII-0_5|IIIOIIIIO.5||||1
BDT discriminant

CMS Vs =8 TeV 19.5 fb!

BR(bW)
ISOO
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—700
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[A2D)] g ssewn yaenb I paatasqQ

1
BR(tZ) BR(tH)

final combined limit up to 782 GeV
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P Single lepton (e, ) Decays:
> 24 AK5 jets, 21 b-tagged Bottom-like B': B'—»tW, bH, bZ

> categories: number of V-tags (V=W/Z/H)
> limits based on S _=p *+p " 45 p

Mass B' candidate, di-lepton

) CMS Preliminary 2012, L= 19.6 fb™! s =8 TeV
P Di-lepton A
> opposite-sing leptons, from Z—I'I S U= — b (350 Gevie) E
i S - ey
> reqUIre Z mass + 1 b_tag % - B:zkgound uncertainty (Stat. © Syst.) -
> limits from M _, B'= Z—['[+b-jet 5 107 E e, E
5 ! A B
= L R
: 10 -
P Multi-lepton - -
Event categories: L _
> opposite-sign/same-flavor lepton pairs: o e :
jom
© number &~ o :
°on/ Oﬁ_:'She“ Z _ 300500600 700 800900 1000
> hadronic tau candidate M(uub) (GeV/c?)
> b-tag

> magnitude of ST 16



Single lepton

CMS Preliminary
BR(tW)
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CMS Preliminary 2012, L=19.6 fb! Ns=8TeV
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BR(b'— bZ) = 100% 1

Observed limit

......... Expected limit

[ Expected limit 1o
Expected limit +26

=

0
M(b') (GeV/e?

—

Contributes to bZ corner:

competitive also in bZ corner obs limit B'->bZ =700 GeV
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interacting with quarks via contact
interaction

P Di-lepton analysis W
> DM particle is a Dirac particle
t
| X
X
+ 4

P Monotop analysis
> DM produced through FCNC
diagrams
> both vector or scalar DIV boson
possible: limits for both options

19



Vs =8 TeV, L =19.7 fb™

B Di-lepton analysis 3 1so| STy e
> 22 jets = [ |7 Exposteds to
> ETmISS > 320 Gev g i _ A:E:c;eob;erffed limits (90% CL)
L1004~
> limits on the interaction scale M, E
N
S 8o -
i BrT vality -
1 10 10
M, (GeV)
§ 50? pjliefs >I60, 80, 40 GeV Egﬁ}ﬁts | é
» Monotop analysis wp-Fr2 28080 { =i -
> hadronic top: ==3 jets, ijj<250 GeV a0 Veto ol | e e
C —t (m=700 GeV)
> E.™°> 350 GeV s I .
> 1 b-tag, no isolated leptons (e, ) P E
> M__ limit: 327 GeV (scalar), 655 ¢ F - | E
% -1§— = 1 Ao vt adk |3
GeV (vector) osg N ATTETTETITIE
05 260 300 600 0 7000




» Rich complexity of final states investigated

» Single VLQ production searches effort started

» Boosted topologies: cutting edge substructure techniques

» No excess observed, but set limits in so far unexplored regions
» Current focus is preparation for 13 TeV

» Results not shown:
> T5/3 Top Partners [Phys. Rev. Lett. 112 (2014) 171801]
> Barion Number Violation [Physics Letters B 731 (2014) 173]
> Displaced Superymmetry [CMS-PAS-B2G-12-024] L. Vanelderen's talk

21
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P Sequential 4™ generation of quarks
replicating SM ones excluded after Higgs
discovery

» Still interesting:
> vector-like quarks
L- and R-handed chiralities transformed in
the same fashion under SU(2)®U(1)

> quarks with exotic charges (5/3)
do not contribute significantly to the Higgs
cross-section

» Predicted by many models:
> Little-Higgs models
> composite Higgs models
> warped extra dimensions

» Current results for pair production

11— (T,B) or ]
i SU(2) Singlet (X,T) Doublet i
—To5Wb - T->Wb

Branching Ratio

06— ¢

04— 3

0.2—

III|IIIIIIIIIIJIIIIIIIII\IIIIIIIIIIIIII_I
300 400 500 600 700 800 900 1000

m; [GeV]

Decays:
Top-like T->Wb, Zt, Ht
Bottom-like B—tW, bH, bZ
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Boosted regime: classical selection methods fail

b-jet

»isolated leptons

>multiple, well separated jets

>Anti-kt jets R=0.5

s

»leptons close to jets
»decay products from heavy particles
merged into large fat-jets

>jet substructure

»Cambridge-Aachen (CA) jets R=0.8/1.5

24




P Top Taggers:
> CMS Top Tagger, based on CAS8 jets
> HEP Top Tagger, based on larger CA15
jets: smooth transition from low-p_ to

boosted regime

« substructure: = 3 subjets

 jet and subjets mass requirements (top and
W masses)

» W/Z/H-Tagging based on CAS jets:
substructure=2 subjets + mass cut

P Subjet b-tagging:

- full dedicated commissioning of b-tagging
in the boosted regime

 displaced tracks and secondary vertices
(SV) within subjet to build b-discriminator

* improves top-tagging + H—bb tagging

:-E
oc
=

Spread top decay products vs p_
3 -

10°

107

10

- JHEP 1010 (2010) 078

200 400 600
P[GeV]
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P Full hadronic:
> 2 back-to-back high-p_jets

T
¢ Data

Wt
TINTMJ

> both CMS top-tagged CMS, 19.7 fb", Vs = 8 TeV
: . 10— BRme
> main background: QCD E ~ all-hadronic
» data-driven estimation from S 10°L
signal-depleted regions (anti-tag) e |
S 10°¢
>
w

P Boosted semi-leptonic:
> high-p_ CA8 jet (hadronic decay)

—
TTTTIT T TTT

—
T TTTTIT T

> non-isolated lepton (e, )
> suppress QCD: cuts on pT’e'(Iep,jet),

AR(lep,jet), E_™* ©
> n b-tag event categories

—
Q

P Resolved semi-leptonic:
> 4 jets, isolated lepton, E ™"

M, [GeV]

M, from hadronic analysis



CMS, 19.7 fb', /s =8 TeV

= 102 =

=3 - =e=es Expected (95% CL)
Ifl:? B \ o

T 10 = N : — Observed (95% CL)
Ry - \\ i — = Z7'1.2% width

@ 1L ~ I - o Expected

;N E [ ] =20 Expected

S 107 :

= = i

E F :

= 102 :

e - resolved i boosted e

o . analysis " analyses .

: 1 0'3 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 l | 1 1 1 1 I 1 1 1 1 ﬁ 1

0.5 1 1.5 2 2.5 3
M. [TeV]

» Set limits based on M distributions, combining three analyses.

P Various theory models considered:
> narrow topcolor Z': m>2.1 TeV
> topcolor Z' with 10% width: m>2.7 TeV 28
> RS Kaluza-Klein gluon: m> 2.5 TeV



» Top leptonic decay:
> one isolated lepton (e, W)
> 2 jets, one b-tagged

» Top reconstruction
> W=P_™ +lep

> WH+jet closest to top mass

P Observable M(tb):
> combine top with highest-p_jet

P Both left- and right-handed W'
couplings considered:

> accounted left-handed interference
with SM

» Limits for W' .: m>2.03 TeV

CMS Preliminary, 19.6 fb” at s = 8 TeV

= 1 + Single-Top

b tags 0 Wby + 2" =T+ WV
=oee W20, m=18 TeV
== Wi %20, m=20 TeV
- - WX 20, m=25 TeV
= Wi, x20, m=3.0 TeV

B35 Uncartalnty

Events / 50 GeV
2

o b b by b b P Iy
500 1000 1500 2000 2500 3000 3500 4000
M(tb) [GeV]
1 CMS Preliminary, 19.6 fb ' at
T e e e [ [P [ g e

aR

[ Invariant Mass Analysis
95% CL Observed

N B
0 0.2 0.4 0.6




¥ ttbar signature + =2 jets

P Lepton+jets: v
> one isolated lepton (e, H)
> 206 jets, one b-tagged §
P Di-lepton:
> two isolated leptons (e, W) g b £
> 2 b'tagged jets CMS, L =19.5fb", /s =8 TeV
> 2 non b-tagged jets Qo k. fee SpindRt
o 10k S, Spin 1/2 heavy quark
) o) E "-.,.' — Observed limit
P Mass t* reconstruction: S S b ot lmi
> m(lvb)=m(qqb)=m W, . 5% CL :
m B R S a
> m(Ivbg)=m(qug)=mt*, where m.is a Sl :
free parameter L uclelsandeiels e, o
.. . 10° - | """ : ,.,lh,._%
B Limits from Mt+jet shape for different 400 500 600 700 800 900 1000 30

models: m_ < 803 GeV for spin-3/2 t* m. [GeV]
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» Focusing on large H
HEPTopTag T

a region, boosted final
state

CA15 fat-jet
Top

susjet [ Use of most
advanced
substructure:
> HEPTopTagger
> subjet b-tagging
(first time)

» Increase acceptance:
> 21 top-tag and = 1

top-tag: Higgs-tag, H—bb: Higgs-tag
HEPTopTagger 2xsubjet b-tagging » > 2 Higgs-tags as
subjet b-tagging jet-mass > 60 GeV very signal-enriched

event category 32



» Use of substructure: QCD background reduced at the level of tibzr
» Two observables combined in Likelihood: H_and MHiggs

» ==1 and =2 Higgs-tags categories

Events/GeV

DATA/BG

0.8

0.6F

1.5¢F

1
0.5

0.4]

0.2f

CMS Preliminary, 19.7 fb' at Vs =8 TeV
T T T 7T I T T T 7T I UL | T T T ‘ T T T 7T I T T T 7T

T
—@— Data
i [ QcD (from data)

il i
— TT —tHtH (500 GeV) ]

N
T ]
| wie TT —tHtH (700 GeV) x10

...... TT ->tHtH (1 TeV) x100 ]

0..

T R B R S BT
500 1000 1500 2000 2500 3000
H; (GeV)

22 Higgs-tags bin

Events/GeV

DATA/BG

CMS Preliminary, 19.7 fb' at /s = 8 TeV
1T T 7T I T 1T T T I LI 7T LI I T T T3

Le Dad

- QCD (from data)
1 =

—— TTtHtH (500 GeV) 3

s TTtHtH (700 GeV) x10

------ TTtHtH (1 TeV) x100

ann

100 150 200 250 300

mass of Higgs candidate (GeV)
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» Limits competitive with leptonic final states: obs. limit 747 GeV

» Optimized for T—tH final state, but cross-section limits provided also for

mixtures with T—tZ and T—bW decays

cM
o)
2
T
o
2 10!
©

102

S Preliminary, 19.7 fo™' at |s = 8 TeV, BR: BW 0%, TZ 0%, TH 100%

—— 0bs 95% C.L.
----- exp 95% C.L.
— - Theory TT'
central 95% exp
[ central 68% exp

|
600

CMS Preliminary

T(tZ)

ILdt=1 9.7fb", s=8TeV

900
850
800
750
700
650
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500
450

(A29) NI Ssep end 1 PanIasqo
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BDT discriminant, single i channel

' Single |epton E106CMS |.l'§=8Te\: — 19.5 fb™!
multivariate analaysis H HrE e R g:'j:;j:““p“‘

- TT 800 GeV (x100)

substructure

102
10

© two event categories: with or without W-tag 10"
© top-tagging applied

Pull
NaOaN

© observables combined in BDT: B L O
- multiplicity/p_ of reconstructed objects . .
(lepton, jets, tagged jets...) B |

« N of b-, W- and top-tags I

» Multilepton: oo

> counting experiment

> event categories: 1
» two/three leptons BR(2) BRI

« OS dilepton or SS

—650

—600

[A3D)] 3wy ssew ypaenb [ paasasqQ

final combined limit up to 782 GeV ;.



» Signal:
> pair-produced T with charge 5/3
> not contributing to Higgs coupling to
gluons: not excluded by SM Higgs BR

> BR 100% T—tW

» Selection:

> two same sign leptons
> top-tagging

> W-tagging

» Limits from event yields: 800 GeV

L=19.5 fo’ Vs = 8 TeV

llIlI T lIIIIIII T I'IIIIIII T IIIIllI|

ox BF(T m'f'm S {tWW = FF + X) (pb)

T R
—e— Observed Limit

--- Expected Limit
[] Expected Limit + 1o
[ Expected Limit + 25
Signal Cross Section

BF(T__—tW')=100% 7
53, -

600 700 800 900 1000

Tg,5 mass (GeV)

SIS Profimimary TS BdE T
19.6 fb ' at Vs = 8 TeV [

Events

eetep+up

7

AT,
Vb ERTIrI

Veen,
L7
7
NI
1 A
/ 4 LLLITNT T

CO

0 14060 1600 1800
Reconstructed T,,, mass [GeV/c”]

reconstruction of T mass from all
channels




» Selection:
> single muon or electron
> 24 AKS jets, 21 b-tagged
> event categories based on number of V-
tags (V=W/Z/H)

» Limits based on ST distribution:
— - miss jets
ST_p T P+p T 2P Tj

S, distribution, for 2 V-tag category

CMS Prelimina NEs = 8 Tew, u + jers

102

Events/ Bin

10 =T S
El

Data/ Bkg

e ey by e ey by b b by 1
s00 BOO 1000 1200 1400 1600 1800 2ZO00 2200 2400

S, 2 V-tag ( GeV )

CMS Preliminary 19.8 b, Vs = 8 TeV
BR(tW)
1 800

750
700
650
600
550
500

[A@9] yuiry ssep HenD g peatesqo

: 450

BR(bZ) BR(bH)

final limit up to 732 GeV



» Selection:
> OS leptons, from Z—I'I
> 60 GeV < MII <120 GeV

> p_(I)> 150 GeV
> 1 b-tag
> M, from Z—I"I'+high-p_ b-jet

» obs(exp) limit B—bZ = 700 (680)
GeV

reliminary 2012, L =19.6 fb ! s =
B e R B

)
~
o
<

[

—
o

<

‘ T IHHII| T TTTIE] 1 IIIHH‘ T

Events/ 50 GeV/ ¢?

p—
=

—

—ea—— Data

b' (450 GeVie?)
----------- b (700 GeVic?)
Background

FEAEEY] Background uncertainty (Stat. @ Syst.)

[ 3

Pull

=N

500 600 760 800 960 10500
M(pub) (GeV/c?)

CMS Preliminary 2012, L=19.6 fb!
T T T 1T T 1T T

—_

Vs=8TeV
‘ ‘ ‘ rrr T rr T T T T T TTT
BR(b'= bZ) = 100% 7
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- Expected limit +16
Expected limit 26

[—
TTTIT T T TTTTIT

b'b’ cross section/ G(NNLQO)

500 550 600 650 700 750 800
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» Events categorized according to:

> number of OSSF lepton pairs

> if OSSF pair, whether on/off Z

> presence of hadronic tau candidates
> presence of b-tagged jets

> magnitude of ST

» Limits between 520-785 GeV from
counting experiment combining different
categories

Events/Bin

CMS Preliminary {s=8TeV, J-L dt=19.5fb"

3 leptons: OSSF1; high-Z; no taus; at least 1 b-jet

—— Data

|:| b'b'— bZbZ @ 750 Ge
........ [] Bkg Uncertainties

////////// ] Data-driven

10 R °
T i O

Cwz
[ pd

VL7777 77077 - ftw

iz

7/

L IIIII|_|_|,| IIIII|_|,|_| IIIIIIL|_| IIIIIILIFIIIIII_IJ

0-0.3 0.3-0.6 06-1.0 1.0-15 1.5-2.0 >2.0
S (TeV)

CMS Preliminary

B(tW)
1

det=1 9.5fb", \s = 8 TeV

800
750
700
650
600
550
500

(A29) Hwi ssej yienp ,q parIasqQ

,—450
B(bZ) B(bH)
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» Occurring in Susy, GUTSs, black hole g

physics, ...

» Already studied in nucleons, mesons,

tau, Z systems

» BNV decay channels: t—bcp, t—bue

» Selection strategy:

> 1 isolated lepton (e, W)

miss
> NO ET

> = 5 jets, = 1 b-tag
> x* < 20, where:

xi — %i)?
Xzzzﬂ

2
7;

BNV t-quark mass

Hadronic t-quark mass

W boson mass

W+
t b
(4
X
c
t~ b
mu-

SM: W had
decay
4 jets

BNV: nov

Events /5 GeV

o.08[--

07.. I . |

P el ot B PN

T
CMS Simulation

Vs =8 Tev ]
n channel

---- tt (BNV, SM)
.......... tt (SM, SM) ]
—— Wijets

1 1 1 1 1 1 1 P e ke 3
o 20 40 60 80 100 120

140 160 180 200
E™isS [GeV]

41

» BR limits:
95% CL Upp. lim. | Exp. lim. | 68% exp. lim. range
Muon ch. 0.0016 0.0029 [0.0017, 0.0042]
Electron ch. 0.0017 0.0031 [0.0018, 0.0045]
Combined 0.0015 0.0029 [0.0016, 0.0042]




interacting with quarks via contact
interaction

> coupling proportional to quark mass:
search in the top channel convenient!

P Di-lepton analysis . )
> DM particle is a Dirac particle
t
| X
X
+ 4

P Monotop analysis

> DM produced through FCNC
diagrams

> both vector or scalar DM boson
possible: limits for both options

> no monojet event observed: DM
particle may couple to third
generation quarks!
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Vs =8 TeV, L =19.7 fb™

P Di-lepton analysis B 10| i s
> two leptons, 2 2 jets = [ |7 Expoctoac o
> ETmiSS > 320 Gev g i _ E:E:c;e:b;::fed limits (90% CL)
> Zp_leading jets <400 GeV (agains tt) ¢ 7 mmmmrrmmmr—m",
>m >20 GeV, |m -91| <15 GeV 2
. S 50+
(against DY) [ i
> 2 p. leptons > 120 GeV, A < 2 I |
OI : : : 3
> limits on the interaction scale M, L 10 M, (GeVY
i § 50? pilie‘s >Iso, 60, 40 GeV Egﬁtﬁts | é
» Monotop analysis wf Br350CeY | Siwes
. . C 1bta -4 vV ]
> hadronlc top: ==3 JetS, MJJJ<25O Gev 30:— veto egu . [ ! i %Single Top
> 1 b-tag, no isolated leptons (e, L) ol ol T
> data-driven backgrounds: wE iE
« QCD: 0 b-tag sample B “:
» WH+jets, Z+jets: isolated muons R NI
> M limit: 327 GeV (scalar), 655 GeV .. ~1 TR

(Ve CtO r) 80 m;jets (:3%\;)



» Typical searches for non-prompt
signatures focus on very long lifetimes: here
(1) ~100 pm -1 cm

» General search:
> selections on leptons |
> no selections aimed at jets, MET, b- it 8

tagging
> interpretation: RPV long-lived LSP stop

» Event selection:
> muon trigger

dol [em]

> good quality, OS, isolated e, L pair i .
£,
P (cT) correlates to impact parameter d | :: :(:
> signal regions [i§ [ | : 200pm<|d |<2cm ol B
> control regions | I: d [< or >100pm ’ 1:
» QCD data-driven estimation from SS/anti- 0' o. o e : -

0
muon Idol [em]

ienlated reaainne



» Very pure signal regions:

0.02cm < |dg| <0.06cm  0.05cm < |dy| < 0.1 cm |dp| > 0.1 cm
Total expected background 18.0 £ 0.5 £ 3.8 1.01 £ 0.06 + 0.30 0.051 £+ 0.015 £ 0.010
Observation 19 0 0
pp—ﬁ?t"{

M =500 GeV, {(cT) =1 mm
M =500 GeV, (ct) =1cm
M =500 GeV, (cT) =10 cm

30.1 £0.7 1.1

6.54 4+ 0.34 + 0.24

1.34 = 0.15 £ 0.05

353+ 0.8+ 1.3

303 +0.7+1.1

51.3 1.0+ 1.9

4.73 = 0.30 £ 0.17

5.57 £ 0.32 = 0.20

26.27 = 0.70 £ 0.93

CMS Preliminary:

L=19.7fo" at Vs = 8 TeV

stop (c7) [cm]

—
o
T

expected limit£2 ¢

- expected limit+1 o

....... expected limit

observed limit

10"

IIIIII\IIII\III
350 400 450 500 550 600

111 | 1111 1 1 | 1
650 700 750 800
stop mass [GeV]

dominant region

» Limitiations:
> short (cT): prompt backgrounds
> long (cT): signal acceptance

— » Excellent exclusion limits for
{ optimized (cT) region
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» Based on jet mass pruning (Elis,
Vermillion, Walsh [arXiv:0903.5081], [CMS-PAS-

SMP-12-019]): remove soft clusters.

» Starting with Cambridge-Aachen
jets, distance parameter 0.8 (CAS8).
» Recluster jet and apply
requirements when merging
clusters / and j into cluster p. Veto
soft and large angle recombinations,
removing softer cluster if:

> z=min(p_,p.)/p F<0.1

> AR'>D _=0.5xm°"/p .

Normalized Distribution

CMS Preliminary Simulation, \s = 8 TeV, W+jets
T T T T T T T T T T T T —

CAR=0.8

250 <p_< 350 GeV + <PU> = 22 + sim.

| [
. X > WLWL, Pythia6 |

+ <PU> =12 + sim.
e \Wejots, MG+Pythiab |
+ <PU> =22 + sim.
+ <PU> =12 + sim. |

50 100 150
pruned jet mass (GeV)
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» Pruning can be combined with
additional observables:

> mass-drop
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» Pruning can be combined with
additional observables:

> mass-drop
> N-subjettiness T : T /T, used for W-

tagging

1 )
™ = - E pr min{AR; s, AR> ,--- ,ARn «}
0 "y

do = >, PT.kRo, and Ry is the original jet radius
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» Pruning can be combined with
additional observables:

> mass-drop
> N-subjettiness T : T /T, used for W-

tagging
> also examined: Qjet volatility I

generalized energy correlation
function C

QJet’
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» Pruning can be combined with
additional observables:

> mass-drop

CMS Preliminary Simulation, \s =8 TeV, W+jets
T T T T T T T T T T T T

> N-subjettiness T : T ft used for W- | ¥ | "SS5 wSie
tagging |
> also examined: Qjet volatility [ et
. . © : Neural Network (MLP)
generalized energy correlation 4 —— heinoos
funCtion C2B I - Z%ilpruned
2 ; -; 522/(%:11?75;:«39
i mass drop
» N-subjettiness shows the best Ry

single discriminating power.

» Observables are correlated:
moderate improvement with efficiency: H-WW, m_ = 600 GeV"
multivariate combination. mistag: QCD



» Detailed data/MC comparisons P Scale factors (SF) to correct
for all subtructure observables for residual discrepancies

CMS Preliminary, 19.5 fb" at \s =8 TeV, W— u v

» Different topologies and — 5oopTT IR R A S 2 S T W

> - . |
yenerators considered R — Csraetor
© ool B wvvwwzizz B W+iets i
. =1Q° : CMS Preliminary, 19.3 fi5” at Vs = 8 ToV, Wajets — — —
3 LCAD528, pome e > e dat% — |\1c fit .
S 08 so-m'Hicey = 2 i ]
2 o - — data fit 11 1+i

2 5 300(- I . tltbjae:s
: | ]
7 | 7 100} -

pruned jet mass (GeV)

40 50 60 70 80 90 100 110 120 130

CAR = _+_D,.,.a Zadets
= pruned jet mass (GeV)

50 P, < 350 GeV
mi<2.4 -Slngle Top .ww1wzrzz

—— Wsjets Pythia —— Wajets Herwig

-ﬁ powheg E MC Stat + Sys

Events /(25 GeV)

-

|||E;:||ITIII;‘—TE—TVFE@

Data/ Sim

©

O o 0nO o N W A OO N
TR UL LAAA AR R LAARY LA LA
4 b N )
N A
L »
L °
-+ @
' I o
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a5 50 80 760 20
pruned jet mass (GeV)

general good agreement, more in the backup

o
N
o




» Based on JHU top-tagger (Kaplan
et al [PRL 101 (2008) 142001]):

> start with CA8 jets 5 00 e
> reverse clustering sequence and | = *7F oo
examine clusters pairwise i T
> clusters are splitted if: e

AR > 0.4~-0.0004 x p ° e

p.” is the parent cluster p_
> low p_ clusters removed if:

0.5

pT <0.05x ijet. ' ' " Top Tagging Efficiency
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(F
. W+Jets
. Z+Jets

[ single Top

700 200 300
Top Candidate Jet Mass (GeV/c?)

cMs Preliminarv.l Vs=8 T?V. 19.6 flb" : :
__l_l_l_l_l_l_r T T T T T T T T T T T T T T T

20 40 60 80

100 120 140
Minimum Pairwise Mass (GeV/c?)

Mistag rate can be measured from
data, using anti-tag method:
> two high-p_ jets, p_>400 GeV

> anti-tag one jet, inverting min
pairwise mass requirement
> top-tag of other jet is a mistag

@ 0.08F
(1] ~
@ o.07F
[@)) E

] =
% 0.06]-

CMS Preliminary, Vs = 8 TeV, 19.6 fb"

4

Ty

W
i

e

e

500 600 700

L
1000

2600
umtmeevm)



» B-tagging at CMS traditionally developed on isolated AKS jets
(anti-k_, R=0.5), mostly suitable for the non-boosted regime.

» The work now presented is the first study at LHC dedicated to b-
tagging in the boosted regime. Two topologies considered:

Boosted top, hadronic decay:
CA15 fat-jet

>top decay selected using Top

HEPTopTagger [JHEP 1010 (2010)

078], based on CA15 jet collection

Boosted Higgs—bb: _
CAS8 fat-jet 4%

>2 b-jets clustered together in large Higgs

fat-jet
»>studies based on CAS8 collection



CMS 2011 simulation preliminary, ¥s = 7 TeV
IIIIIIIIIIIIII\II\I\II\I\IF\I\I}\\I\IIII

[ —= TCHE

| ——TCHP

L~ SSVHE
—— SSVHP

P

F ——uBP

[ ——csv

>
(&)
c
Q0
O
=
o 107
-
D
o)
w
L,
=

111 I 11 11 123 II\ I L1l I L1l I L1l I L1l I L1l I 111l
0 010.2030405060.70809 1
b jet efficiency

» Several taggers implemented at CMS. Boosted studies based on
the Combined Secondary Vertex CSV tagger:
> likelihood ratio combination of secondary vertex + single
track information:; 55
> currently the best tagger in CMS, improvements ongoing.



» Different scenarios considered for
boosted topologies:

> subjet CSV:

« CSV b-tagger applied to subjets
(2 b-tags for Higgs-tagging, 21

for top-tagging)

> fat-jet CSV:

« CSV b-tagger applied to the
Higgs/top candidate fat-jet

Subjet b-tagging
generally performs better:
chosen as default
technique

Fat-jet b-tagging suitable
at very high p_

where subjets start to
merge

1 8 CMS Slmulatlon Prellmlnary \s=8 TeV

e.g. Higgs channel

—_ B R

8 CAR o 8 300<p <500 GeV/c

@] 75<m <135 GeV/c? (pruned)

> | —Fatjet CSV (JTA AR<0.8)

= 101| - Subjet CSV N
5107} . -
'8 [ % Loose

ol - ¢ Medium

c - % Tight

o

4§10_2 = '__.ef""‘ =
E =" medium boost]
-(% g JTA = jet-track association |
-—— _3Iﬂ"\‘\II\IIII\‘\I\\‘\II\‘\II\‘\II\IIII\'\II\IIII\
=10"3"01020.3040.50.6070.80.9 1

b-tagging efficiency (H(120)—bb)

Misidentification

probability (QCD)

—
e

iy
(@)
N

1073

CMS Slmulatlon Prellmlnary \s 8 TeV

R EREEE
CAR O 8 p >700 GeV/c
75<m <135 GeV/c? (pruned)

- — Fat jet CSV (JTA AR<0.8)

|- Subjet CSV I i

i * Loose

- ¢ Medium -

Fowx Tight TR

- "#/, -
H JTA = jet-track association i
I-"II‘\IIWIIIIW‘\I\\‘\II\‘\I\\‘\II\IIII\‘\II\IIII\

0 0.1020.30.4050.60.70809 1
b-tagging efficiency (H(120)—bb)



Data’MC

e.g. Top channel, HEPTopTagger subjets

CMS Preliminary, 19.8 fb” at {s = 8 TeV

L+jets sample
(HEPTopTagger subjets)

I uds quark or gluon

f-

R i**m‘* {HH{ }HH )

et

I

120
SV 3D flight distance significance

*Good data/MC agreement for b-tagging
observables.
*All observables cross-checked (backup).

Data/Sim. b-tag SF

-
w

| -8 AKS jets

1.2 E— —4— CA8 subjets _f
- -l CAS8 subjets + companion tag 7]
1.1 [_JFit (AK5 jets) —
1 - 7
oof 1 F &
0.8F =
- L . o3
0750 60 100 200

Jet P, [GeV/c]

e.g. subjets of gluon spllttlng CAS8 fat-jets
CMS Preliminary, 19.8 fb” at s = 8 TeV .

standard
SF

gluon
splitting
subjet b-
tagging
SF

*SF~1, compatibly with SF for standard b-tagging
in the non-boosted regime, for both channels. 57
*Nothing pathological in the boosted regime.



	Pagina 1
	Pagina 2
	Pagina 3
	Pagina 4
	Pagina 5
	Pagina 6
	Pagina 7
	Pagina 8
	Pagina 9
	Pagina 10
	Pagina 11
	Pagina 12
	Pagina 13
	Pagina 14
	Pagina 15
	Pagina 16
	Pagina 17
	Pagina 18
	Pagina 19
	Pagina 20
	Pagina 21
	Pagina 22
	Pagina 23
	Pagina 24
	Pagina 25
	Pagina 26
	Pagina 27
	Pagina 28
	Pagina 29
	Pagina 30
	Pagina 31
	Pagina 32
	Pagina 33
	Pagina 34
	Pagina 35
	Pagina 36
	Pagina 37
	Pagina 38
	Pagina 39
	Pagina 40
	Pagina 41
	Pagina 42
	Pagina 43
	Pagina 44
	Pagina 45
	Pagina 46
	Pagina 47
	Pagina 48
	Pagina 49
	Pagina 50
	Pagina 51
	Pagina 52
	Pagina 53
	Pagina 54
	Pagina 55
	Pagina 56
	Pagina 57

