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four W and multi-bjet signature

Spectacular signature to look for new physics!

Examples in supersymmetry:
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4-W branching fraction

* 0-lepton: large BR(20%), 12 jets!

* single-lepton: largest BR(40%) but large ttBar/WJets
background!

* OS di-lepton: 20% BR, large ttBar background

* SS di-lepton: 10% BR, low background

* multi-lepton: 10% BR, very low background!
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Performed searches in various final states to cover four-W and

multi-bjet final states:

-

This talk

L

* multi-leptons and bjets (new, 19.5 fb)
* same-sign di-lepton and bjets (10.5 fb') JHEPO3 (2013) 037

* single lepton and bjets (19.5 fb1)

~
PAS-SUS-13-008

PAS-SUS-13-007 y

* O-lepton and bjets channel (19.5 fb?)

For more details:

arXiv:1305.2390

See the talk from Alessandro Gaz

https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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three-lepton + bjets

Event selection Search strategy
* 3 isolated high p; leptons (e,u)
* Njet 22, at least 1 b-jet

* MET > 50 GeV

* split events according to the presence eperform a multi-bin fit to extract the

* Form exclusive search regions using Njets,
HT, MET and btagged jets

of a Z candidate upper limit on SUSY cross-section time BR
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three-lepton + bjets : backgrounds

* non-prompt/misidentified leptons:

@ DY+jets strongly suppressed by

miss

b-requirement and high E7

@ tt is the main source of bkg:
non-prompt leptons from b-jets

o tt— W(/v)W(/v)b(Xlv)b:
@ p: over 95% are from b
o e: 80% are from b

Off-Z events: ET'*° < 100 GeV

bbBar control sample

- b&
b
a4 \5
Nﬂbbe: Muon

Measure the probability for a
lepton from b-decay to be
isolated

CMS Preliminary (s=8TeV,L_ =19.5fb"
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three-lepton + bjets: results

CMS Preliminary Vs=8TeV,L =19.51b" . _
i * Irreducible backgounds: Various sources of rare
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three-lepton + bjets: interpretation

- 100
pp— £ — ttttxlx1
Model Al t

* Signal sample with Pythia, in M ¢,-M mass plane

gluiono

g  Search regions with Nbjet=2 and 3 are used

* Probe gluino masses up to ~1 TeV GeV

CMS Preliminary, 19.5 fb, {s = 8 TeV
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three-lepton + bjets: interpretation

pp— b1b1 N tWWX1X1 * Signal sample with MADGRAPH up to 2 add. partons

Model B1 ° —
\132 |Vlchargino Vs. IVlsbo'ctom ’ IVILSP =50 GeV
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T~ - o \,+ L i:? . . .
7 B et et  Search regions with Nbjet=1 and 2 are used
£ * Probe shottom masses up to ~600 GeV
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same-sign di-leptons

Event selection

* 2 isolated same-charge high p; leptons (e,u)
* Njet 22

* at least 2 b-jet, reduce ttBar background

* MET > 50 GeV

* Veto low mass di-leptons Selected events in MET-HT plane
CMS,s=8TeV,L_=10.5fb"

s T e e
(E\D/ 200% O ew(2<#jets<4)
g A up(2<#jets<d4)
Search strategy il % . o ce(rietsza)
A € jets > ]
* Search is designed to cover wider 150% . 0 : uti::e:sz:; ]
spectrum of new physics models 100% O O a -
including RPV %o A@@S i@ ]
 Search variables, Njets, HT, MET 50% ot 'ql A ¢ * .
O O i
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same-sign di-leptons: results

Backgrounds CMS \s=8 TeV,L_=10.5 b
2 ]
* non-prompt/misidentified leptons: Predicted using data- § e
. . [ Rare MC =
driven techniques — T
[ single-Fake ]

* Rare SM processes : use simulations to predict this XY Total Uncertainty

background with large systematic uncertainties S

* Charge mis-measurement (small): OS dileptons in DY,
ttBar with charge mis-measurement. muons: from cosmic
ray data (~107), electrons: Use Z events ( 103 —10*) 0 1 2 3 4

number of b-tagged jets

SRO SR1 SR2 SR3 SR4 SR5 SR6 SR7
No. of jets > 2 > 2 > 2 >4 >4 >4 >4 > 3
No. of btags > 2 > 2 > 2 > 2 > 2 > 2 > 2 > 3
Lepton charges |+ +/— —|++/——| ++ |++/——|++/——|++/——|++/——|++/-~
Emiss >0 GeV | >30 GeV | >30 GeV | >120 GeV | >50 GeV | >50 GeV | >120 GeV | >50 GeV
Hrp >80 GeV | >80 GeV | >80 GeV | >200 GeV | >200 GeV | >320 GeV | >320 GeV | >200 GeV
Fake BG 25+13 | 10+10 | 96+50 |099+069| 45+20 | 20+17 | 0.7 +£05 |0.71 £0.47
Chargeflip BG | 34407 | 27405 | 1.4+ 0.3 |0.0440.01[0.21 +0.05|0.14 4+ 0.03|0.04 4+ 0.01 | 0.03 + 0.01
Rare SM BQ 11.84+59|105+53| 67434 | 1.24+07 | 34418 | 27+15 | 1.0+0.6 |0.4440.39

Total BG 40 + 14 324+11 |177+£61| 22+10 | 814+34 | 57+24 | 1.7+£07 1.2+0.6
Event yield 43 38 14 1 10 7 1 1
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Same-sign di-leptons: interpretation

55 — (T 00
— — [ttt 1000
pp gg . Xlet % = ICMS EI=8Tev,|Lim=1ol.5 fb™ | =
9\_ 9005_ Model A2 E
o Z\E/ 800  Exclusion ¢P® = gNtO*NLL 1 1 6 /—;
700F NN
600E- =
i XY 500;_ m(%:) = 250 GeV _g
400 —
j . 300;_ m(z:’)=5o GeV _;
t ! 2008 o N
* signal selection efficiency ~ 1% 1056506660 700800606 1000 1100

m(g) GeV

e L L L
- CMS, s =8TeV,L =105 fb" .
| _Model B1

C Observed Limit gP% = gNLONLL + {5

. o
pp— bib; — tWVWX?X(l)

m(%) (GeV)
w
S

o50EmE)=50Gev L _

w7 -f

1500 b

1005 o
* signal selection efficiency ~ 0.5% 250 300380 400 450

m(b,) (GeV)

Didar Dobur (U. Florida) LHCP, May 2013 11



Single-lepton + bjets

Event selection Search strategy
* 1 isolated high p; lepton (e,u)  Search is designed for four-top + large MET
* veto second |epton * Exclusive search regions in Nbjets(=2,23) and
* Njet 26, at least 2 b-jet
* HT > 500 GeV Lep 2 2 A > ]
S77 =AWy + M) AL
Ad(2,W)
10° (SMS Simulation L= =101 (5=8TeV o CMS Slmulatlon,‘ \'s = 8 TeV
g Muons = c AW W) >1
w i ' . [ Ne=6,87">a50 Ry =——— "
2 ol Vh Sseeuasocev | ttBar/Wjets bacground: | ApltW) <1
5 1UF == = Use AP(ZW)<1to f o Total SM :
Lﬁ —4—— SMS(M_=1000,M _ =600) ] . . I — Total SM+SMS(M~=1150,MLSP=300)
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T 1 where the transfer factor 1 —t— | 3
[ signal region ] Rcsis measured in Nbjet=1 | —+— 1
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Single-lepton + bjets: Interpretation

l

Sfp [GeV] prediction observation
2 [ [250,350] | 6.00 & 2.40 (2.23) 9
S | [350,450] | 1.37 £ 1.19 (1.12) 2
W= >450 | 0.0 % 0.66 (0.66) 0
= [ 5| [250,350] | 3.83 £ 1.84 (1.75) 9
| [350,450] | 2.74 £ 2.02 (1.86) 2
M >450 0.0 £ 0.42 (0.42) 0
21 [250,350] | 1.92 & 0.95 (0.84) 0
o« | 5[ [350450] | 0.57 +0.58 (0.52) 0
ANl |2 [ >450 | 0.0 £0.22(0.22) 0
= [ 5| [250,350] | 1.89 & 1.03 (0.94) 4
| [350,450] | 0.85 £ 0.80 (0.70) 0
M 7>450 | 0.0 £ 0.08 (0.08) 0

* Very powerful discriminator d¢(W,lepton)

* Small background and large signal efficiency (1-2%)

* Probe masses up to 1.3 TeV of gluino mass
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Summary

pp— gg — ttttxlx * Various final states covering four-W &
S s00]- OMS Preliminary — sversems .LL,'(;T'JH'T; wow|  Multi-bjet signature
Ly 1328TeV o | |
o [ —sussomsiepanmes’ 1 FOr gluino pair-production leading to 4-
- 600‘_5355555 A T 1 top + 2LSP, single lepton channel provides
500/ = the best sensitivity for most of the phase-
w0k 1  space, SS di-leptons, 3-leptons probed
. 1 compressed mass spectra better
300 — -
2001 . 1 ¢ Astatistical combination of these results
100 ¥ E might improve the sensitivity along the
[l: , i , 1 diagonal

800 600 700 800 900 1000 1100 1200 1300 1400 1500
gluino mass [GeV]

* For the simplified models considered
Mgluino (Msbottom) up to 1.3 TeV (600
GeV) are excluded with 95%CL
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same-sign di-leptons: backgrounds

* non-prompt/misidentified leptons: Predicted using data-driven  techniques
(similar to multi-lepton + bjet)

* Rare SM processes : (Irreducible) use simulations to predict this background with
large systematic uncertainties

ttW/Z/H/Y production Di-boson production Double W-stral))éung Double-parton scattering
. . . Y5
. ; " P
@, i w w
t 0%
d
W
u [ wt P
W+ 1
TS

e Charge mis-measurement (small): 0s dileptons in DY, ttBar

CMS Preliminary,\'s = 7 TeV, Linl =4.7 b

|||||||||||||||||||||||||||||||||||||

muons: measured from cosmic ray data (~107)

Events / 5 GeV

electrons: Use Z events to predict change mis-id: depending
on the pseudorapidity it varies 103 — 10 o

[T T[T [T TTI[IIT[ITT]

Didar Dobur (U. Florida) LHCP, May 2013 16



