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Introduction

A common approach to explain BSM physics is to extend the SM symmetry
group
SU(3):xSU(2), xU(1)yxU(1)" =» Additional neutral gauge boson (Z')
SU(3):xSU(2), xU(1)yxSU(2)" =» Additional charged (W') and neutral (Z')
gauge bosons
SU(2) = SU(2)x
Left-Right Symmetric Model with W' = W and right-handed neutrinos N,
Another approach is to embed SM within a larger symmetry group
GUTs - Eg, SU(6), SO(10), ...
Additional charged (W') and neutral (Z') gauge bosons
Leptons and quarks together within a multiplet = Leptoquarks

Color triplets bosons carrying both lepton and baryon number
Additional gauge bosons and/or leptoquarks also predicted by:

Models with extra dimensions Little Higgs models
Composite models Technicolor
RPV SUSY
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Introduction

Leptonic (¢ = e,u) final states are promising
topologies for NP searches

Triggering } epton

Background rejection

Large BR in many scenarios
Searches shown here based on data collected

by CMS in 2012
s'2 =8 TeV
fMI ~ 20 fb? (except W search - based on 3.6 fb")
Single or di-lepton triggers
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Left-Right Symmetric model predicts existence of additional

charged gauge bosons (W) and heavy right-handed
neutrinos (N,)

Wr could decay according to: q
W, — (N, = UW, = llqq
Search for resonances in m(//jj)

Event selection

> 2 isolated SF leptons
Leading (sub-leading) lepton p; > 60 (40) GeV

> 2 jets (pr > 40 GeV)

m(//) > 200 GeV

m(//jj) > 600 GeV

o]
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Background modeling

i CD
Z+jets Q |
Shape from MadGraph Data-driven “fake-rate” method
Normalization from data in m(Z) window Other backgrounds
Modeled with MC

ttbar
Shape and normalization from ej]

e Qon Channel

Pythia
m(Wg) = 1.8 TeV
m(N,) = 0.9 TeV

events in data

Selection Stage Data | Signal | Total Bkgd tt Z+jets QCD Other
Two electron, two jets | 8807 61 8943 968 7821 8 146
e1 pr > 60 GeV 6054 61 5905 767 5014 3 121
M., > 200 GeV 310 59 296 199 75 3 20
Meej; > 600 GeV 144 | 59+12 | 1354+30 | 834+18 43+23 2+£1 9&£3
del‘ = 3.6ﬂ9_1 { Muon Channel
Selection Stage Data | Signal | Total Bkgd tt Z+jets QCD  Other
Two muons, two jets | 10333 75 10016 968 8830 3 215
i1 pr > 60 GeV 7058 75 6873 767 5933 2 171
My, > 200 GeV 352 72 294 199 71 0.7 23
M, > 600 GeV 144 | 72413 | 130+24 | 83+17 35+17 07+04 1144
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W, = //jj Results

Electron channel Muon channel
3 CMS Preliminary 3.6fb"at8 TeV CMS Preliminary 3.6fb"at 8 TeV
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o B Other (22) o - Other (23)
C\\J B ——— My, = 1.8 TeV (59) C\\l - . ——— My, =1.8 TeV (72)
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Data is consistent with background expectation
5/17/13 John Stupak Il - LHCP 2013 7



W, = (/jj Limits

Combined cross section exclusion for:

m(N,) = 0.5 * m(W) Exclusion in m(N,) vs m(Wpg) plane
3 [Ldt=3.6 fb" at (s=8 TeV CMS Preliminary CMS Preliminary 3.6fb'at8 TeV
‘IOEI "|""|""|"IIE '_'2000—""|"" T T T T [ Observed
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Search for Jacobian peak in SM m- tail

Event selection m, = \/2 L EM -(1-cosAg, )
1 isolated lepton
Electron (muon) p; > 100 (45) GeV

0.4 < p;(£)/MET < 1.5
Ad(L,MET) > 0.8m
Background modeling
W+jets
Pythia Other backgrounds
NLO K-factor(m;) Modeled with MC
Normalized to oy o

Final background expectation obtained from fit to MC:

f(mT)= ¢

3 d
(m; +bm, +c)

5/17/13 John Stupak Il - LHCP 2013



W' = /v Results

Electron channel Muon channel
CMS Preliminary [Ldt=20b" (s=8TeV CMS Preliminary [Ldt=20fb" Vs=8TeV
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Data is consistent with background expectation
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W' = /v Limits

imi -1 - Model Channel Observed limit | Expected limit
CMS preliminary, 20 fb', 2012, Vs =8 TeV p
a SRR Observed 95% CL limit SSM e myy < 3.20TeV | my < 3.25TeV
— = Observed 95% CL limit W' — ev SSM U my < 3.15TeV | my < 3.10TeV
m i Observed 95% CL limit W' — uv SSM combined my < 3.35TeV | mys < 3.40TeV
Expected 95% CL limit SSMO e My < 3.60TeV | my < 3.60TeV
X Expected 95% CL limit+ 10 SSMO 3.05TeV 330TeV
o Expected 95% CL limit= 2 o " My < 2.U0deV | myr < 5.501e
SSM W' NNLO SSMO combined myy < 3.60TeV myy < 3.60TeV
103 Y PDF uncertainty SSMS e myy < 3.00TeV | my < 3.10TeV
S I Rt W with u = 10 TeV NNLO SSMS U myy < 2.80TeV | mys < 2.90TeV
R I etttietitts WKK with 1 = 0.05 TeV NNLO , SSMS combined my < 3.10TeV | my < 3.20TeV
- : "« ”"',3 l‘\ : : . . _ 2 = 1
LN ewE™S e Em Wige | #=0.05TeV, combined | myg, < 171eV:| My, < 1.7TeV
10°g . S 5 ™ TS Wik | #=10.0TeV, combined | my; <3.7TeV | myz < 3.6TeV
% | | | | | 3 HNC CI e A<13.0TeV | A<133TeV
L ‘ * HNC CI U A <109 TeV A <122 TeV
10 : A = 10°f CMS preliminary, 20 fls", 2012, \'s =8 TeV
E Ko} Observed 95% CL limit
- E' ------- Expected 95% CL limit
i " [ Expected 95% CL limit= 10
Ve R S S R e p 10°E Expected 95% CL limit = 2 o
E """"""""" =] CC) ---------------- HNC contact interaction LO
ol b b v b b o baa oo "3 :] PDF uncertainty
500 1000 1500 2000 2500 3000 3500 4000 D 102 . e ey =
M. [GeV " First ever limit in the :
W' [GeV] 8 muon channel! -
SSM = Sequential Standard Model S Lol -
SSMO = constructive interference w/ SM : :
SSMS = destructive interference w/ SM § st
— : : H : — e &=
Wik = KK excitations of W in split-UED Oy _ﬂ12A2 T
HNC = Helicity Non-Conserving Cl model 4 6 8 10 12 14
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Search for resonance in SM m(/*/7) tail

. > L
Event selection § 102 CMS Preliminary, 8 TeV, 19.6 fb™ ]
2 SF isolated leptons £ —— DATA 3
o B tw, ww, WZ, 2Z, ¢ ]
Electron (muon) p; > 35 (40) GeV w10 [ Juu, ee, W+jets, jets (data) =
Muons are required to have OS, originate from ] ]
common vertex E -
Cosmic / beam halo veto 107 + E
Signal Modeling 102k .
Pythia - ]
107 E L . , , , .5

Mass-dependent NNLO k-factors 500 200 500 800 1000 1200
Background modeling 0cD mien) [Gevl

Z+jets Data-driven “fake-rate” method
Powheg Other backgrounds
Normalized to oy o Modeled with MC
Total background normalized to data in Z mass window )
K _am+pfm

Final background expectation obtained from fit: J71 €

Separate barrel-barrel and barrel-endcap events (electron channel)
5/17/13 John Stupak Il - LHCP 2013 12



Z' = "/~ Results

Dielectron sample Dimuon sample
barrel-barrel barrel-endcap
M); Range (GeV) 120-200 > 200 120-200 > 200 120-200 > 200
Data 41953 8947 28523 7995 78100 20000
Total Bkg. 42700 41900 | 8900 400 | 28600 4= 1400 | 7800 400 | 78400 £ 3500 | 20100 4 800
Z/v* 37800 £ 1900 | 7000 =400 | 25200 £ 1300 | 5600 += 300 | 72200 #3500 | 16300 =+ 800
tt + others 4300 £ 300 1700 =100 | 2100 4100 1500 + 100 6200 £ 300 3800 £ 200
jets 500 £ 200 120 £ 50 1300 £ 500 700 £ 300 60 £+ 10 30+5
Electron channel Muon channel
> 10— - ] s > 10— - T
& 10° CMS Preliminary, 8 TeV, 19.6 fb” S 10° CMS Preliminary, 8 TeV, 20.6 fi”
2 ‘ —— DATA - —e— DATA
£ 10° [ viz—e'e £ 10 ) viz—w'w
o 10° 0 i, tw, ww, Wz, 2Z,tx o 10° 0 , tw, ww, Wz, ZZ,
102 [ jets (data) 102 []jets (data)
10 10
1 1
10 'y 10"
102 ! 10* il
Ny - I e
- Lo | | | | Lo | I - | | | | | | | | !
10™ 70 100 200 300 400 1000 2000 10° 70 100 200 300 400 1000 2000
m(ee) [GeV] m(uw) [GeV]

Data is consistent with background expectation
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Z' =>» "/ Limits

CMS Preliminary 8 TeV, ee (19.6 fb™"), u*u(20.6 o)
T ! L e A 2

0T =

G(pp 7'+ X—=lVl+ X) E N N e median expected 3

R o - 68% expected =
O'(pp%Z+X%€€+X) i 95% expected |

10-5 X ZISSL’ —E

Zy =

—— 95% CL limit

10_7 b .\_

500 1000 1500 2000 2500 3000 3500

1 1 [lIlIII

—

m(ll) [GeV]
Observed m(Z') Limit [TeV]
Channel

SSM GUT

Electron channel (barrel-barrel) 2.65 2.31
Electron channel (barrel-endcap) 2.18 1.90
Muon channel 2.77 2.43
Combination 2.96 2.60
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LQ,LQ, = pvjj / puj)

Search for pair production of scalar 2" generation leptoquarks
Event pre-selection

U
=2 jets .
Leading (2" leading) jet p > 125 (45) GeV LQ -
S; > 300 GeV o~ ;
S#‘ujj = pr(J)+ pr (o) + pr(u)+ pr(u,) \\ Y
St = pr(i)+ pr(j)+ pr () + MET W
LQ \\ o
g
uvjj channel \_
i . q’
1 isolated muon (p; > 45 GeV) Uj] channel
O electrons > 5 isolated 45 GoV
VET > 55 Gev = 2 fsolated muons (pr > 45 GeV)
AG(MET,jet,) > 0.5 m(pu) > 50 Ge

AG(MET,u) > 0.8 ,
m(MET)>50Gev /1y =4[2: p - Ef™ - (1-cosAg, )

John Stupak Il - LHCP 2013
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LQ,LQ, = pvjj / puj)

Event selection
Mass-dependent optimization

“V_” channel [ Mg (GeV) [ 300 [ 350 | 400 | 450 [ 500 | 550 | 600 | 650 | 700 | 750 | 800 | 850 | 900 | 950 | >1000 |
St > (GeV) 455 [ 540 [ 625 [ 715 | 800 | 890 | 980 | 1070 | 1160 | 1250 | 1345 | 1435 | 1530 | 1625 | 1720
i MJ, > (GeV) 155 | 180 [ 205 | 225 [ 245 | 260 [ 275 | 290 | 300 | 310 | 315 | 320 | 320 | 325 | 320
H
STv m(J, “)’ mT(MET’H) M(j,jet) > (GeV) | 125 | 150 | 175 | 200 | 225 | 250 | 280 | 305 | 330 | 355 | 380 | 410 | 435 | 465 | 490
MMJ) channel [ Mg (GeV) [300 [ 350 | 400 [ 450 | 500 [ 550 | 600 | 650 [ 700 | 750 | 800 | 850 | 900 [ 950 | >1000 |
St > (GeV) 380 [ 460 | 540 [ 615 | 685 | 755 | 820 | 880 | 935 | 990 | 1040 | 1090 | 1135 | 1175 | 1210
S-. m.. (J “) m(“ U ) My, > (GeV) 100 | 115 | 125 | 140 | 150 | 165 | 175 | 185 | 195 | 205 | 215 | 220 | 230 | 235 | 245
T PHimin\JsMi/» 1 M2 M,yin (i jet) > (GeV) | 115 | 115 | 120 | 135 | 155 | 180 | 210 | 250 | 295 | 345 | 400 | 465 | 535 | 610 | 690

Background modeling
Mvjj channel
WH+jets and ttbar

Shape from MadGraph
Simultaneously normalized with preselected data in W transverse mass window

MMjj channel
Z+jets
Shape from Madgraph
Normalization from preselected data in Z mass window
ttbar
Shape and normalization from from ey data
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LQ,LQ, = pvjj / pyjj Results

Pre-selected events

CMS Preliminary

s=8TeV, 19.6 fb"

10°

10°
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10

—— Data
i W + jets
“Z2z tt + jets
Other Background
—— LQ, M =400 GeV
LQ, M =750 GeV

////1
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\\\\\

=~ Data
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Other Background
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Data is consistent with background expectation
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LQ,LQ, = pvjj / pyjj Limits

CMS Preliminary  Vs=8TeV _ 19.6 b CMS Preliminary s =8 TeV 19.6 fb”
:\ T TT T T T =T L}QQ&ILLOU//;[/ii,]J T ' TTTT ' TTTT ' TTTT ' T 1T \: 1 ----- : ) 7 . T T | T T .
1ok ATLAS exclusion (1.03 b, 7 TeV) | | O T/ pssssy .
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N CMS exclusion (19.6 fb™', 8 TeV) | ] 2::3:{&:& / .
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~ 10-1 E [ | E
[a\ E E .
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: B\ | Combination 0.5 785 (870)
10-4 7' Ly I N Lol 101 > A/ /)4 /M/U\ N 1 . . .
300 400 500 600 700 800 900 1000 1100 1200 MOSt Strlngent Tal eXIStenCe!
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Conclusion

V{s=8TeV
1&. _____ I [ ¥ ¥ I T T T ' T I

CMS is pursuing broad program of Sosf | BNy ;
BSM searches ost
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N

No sign of BSM physics yet Zost

Setting strong cross section and mass exclusions ol ES Eosnion |
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As of Moriond

q* (qg), dijet
g* QW)
q*(a2)

q*, dijet pair

q*, boosted Z

e, A=2TeV Compositeness , .
p, A=2TeV b’ = tW, (3l, 2I) + b-jet
0 4 5 3 4 5 q’, b’/t’ degenerate, Vtb=1
< Z'SSM(ee, uy) ‘ ; | b’ — tW, I+jets
Z’SSMI(TT) - [ B’ — bZ (100%)
Z’ (tt hadronic) width=1.2% : T — tZ (100%)
Z’ (dijet) t' = bW (100%), I+jets
Z’ (tt lep+jet) width=1.2% t' — bW (100%), I+
Z’SSM (ll) fbb=0.2 ( ),
G (dijet
G (ttbar hadﬁorjnc; I C.I. A, X analysis, A+ LL/RR
f - S C.I. A, X analysis, A- LL/RR
G (jet+MET) k/M = 0.2 ) s
0 G (V-l\;; k/M = 0.1 | | | C.l., py, destructve LLIM
G Z()Z - ’ S C.l., py, constructive LLI
Wy [ ‘ : C.1,, single e (HNCM)
g e C.l., single p (HNCM)
W’ (td) C.l, incl. jet,
W’ — WZ(leptonic) — C.l., incl. jet, constructive
|
R, MNR=MWR/2 E— Ms, yy, HLZ, nED = 3
=10TeV Ms, vy, HLZ, nED = 6
QTC, nTC > 700 GeV ‘ Ms, I, HLZ, nED = 3
String Resonances (qg) : : : : : Ms. Il HLZ, nED = 6
s8 Respnance (99 MD, monojet, nED =3
i o hauarks (a0 ! ! ! ! MD’ mono'et’ nED =6
Axigluon/Coloron (ggbar) S : : : ) Jet, =
gluino, 3jet, RPV MD, mono-y, nED = 3
1 2 3 4 MD, mono-y, nED = 6

gluino, Stopped Gluino
stop, HSCP |
stop, Stopped Gluino %
stau, HSCP, GMSB
hyper-K, hyper-p=1.2 TeV [
neutralino, ct<50cm @

0 1

5/17/13

2 3 4 5

MBH, rotating, MD=3TeV, nED = 2
MBH, non-rot, MD=3TeV, nED = 2
MBH, boil. remn., MD=3TeV, nED = 2
MBH, stable remn., MD=3TeV, nED = 2
MBH, Quantum BH, MD=3TeV, nED = 2
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W, = (/jj Cross Section Limits

R

co(pp — WR)>< Br(W_ — eejj) [pb]

-
o
A

5/17/13
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Muon channel
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W, = (/]j Cross Section Limits

Electron channel

3000
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Muon channel
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W, = (/jj Cross Section Limits

2012 data alone

3 JLdt=3.6fb" at ys=8 TeV CMS Preliminary
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W, =» //jj Mass Limits

1%

5/17/13

Electron channel

CMS Preliminary 3.6fb"at8 TeV
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Muon channel — 2011 + 2012

- M

CMS Preliminary

N, > MWR

5.0 fb' (7 TeV
| | | [ [ [

B R

+36f" (8 TeV

== Observed
= Expected

00

1500

2000

2500 3000

John Stupak Il - LHCP 2013

" [GeV]

26



W, = //jj Event Display

CMS Experiment at LHC, CERN CMS.~ c

V1D, CMS Experiment at LHC, CERN
Data recorded: Thu Jun 7 03:54:15 2012 CEST " ] Data recorded: L{rfl\m-.' 25 06:14:54 2012 CDT
Run/Event: 195656 /101901087 ~5"/'| Run/Event: 194912 / 1945772859

Lumi section: 111 [ {;_j ) Lumi section: 1518

Electron channel Muon channel

l*
f
i
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W' = /v Signals

W' including SM interference Helicity Non-Conserving model
— 10e (contact interaction)
>F SM W
0 SSMS W'
< ——— SSMO W'
s E SSM W' (no interference) S 1PF . Ty
g- - SSM W' simulation \s=8TeV & —— W+HNCA=7TeV
i o —— W+HNCA=9TeV
%10-1 IS i WA S MW ........... 2 400Gev j 10 3 —— Wonly
° ok 1 g | ]
- 2 b =
I wF
10—25_ .................................................................................................................. rl .............................. : i
g 107 E
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W' = /v Event Yield

Mt >1.0TeV Mt >15TeV Mt > 2.0TeV
Electron channel
Data 22 1 1
SM background 26%;2 1.9?5)89:22 O.21&§8;48§Z
W/, MW/ — 25 TeV 51_1:2 39_0:94 24_0:72
W, My =3TeV 107035 8.03107 5.91%01¢
CIA = 4TeV 1205420 39813 114427
CIA = 9TeV 4611 151022 445105
Muon channel

Data 33 3 1
SM background 2613 2.27%55% 033701

/ 5.4 49 18
W/, My = 2.5TeV 47+5 35113 20737
W', My, = 3TeV 9.9+12 7.4+13 5.15755
CIA = 4TeV 1120713; 366183 119132
CIA =9TeV 43433 14124 46717

5/17/13
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W' = /v Cross Section Limits

Electron and muon channels separately

_ CMS preliminary, 20 fb', 2012, Vs =8 TeV _ CMS preliminary, 20 fb', 2012, Vs =8 TeV
0 - ' Observed 95% CL limit L0 C ' Observed 95% CL limit
N N Expected 95% CL limit e R Expected 95% CL limit
L T al i
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ross Section Limits

P K] —
CMS Preliminary, 20 fb”, 2012, ys =8 TeV CMS Preliminary, 20 b, 2012, Vs =8 TeV
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W' = /v Cross Section Limits

Including Interference with SM — Electron and muon channels combined

CMS preliminary, 20 fb', 2012, ys=8 TeV CMS preliminary, 20 fb!, 2012, ys =8 TeV
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W' = /v Cross Section Limits

Helicity Non-Conserving model (contact interaction)

9M§ plreliminary, 20 fb™, 2012, s =8 TeV

— 10° CMS preliminary, 20 fb", 2012, s =8 TeV —_ 10
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W' = /v Split-UED Limits

CMS preliminary / E
\s=8TeV F

j L dt = 20 fb"
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'=» (v Event Display

Electron channel

C S CMS Experiment at LHC, CERN C S j
Data recorded: Tue May 8 08:19:45 2012 CEST
—\ N\ Run/Event: 193621 / 1180868279 N\
£ Lumi section: 1557
F— \ 3 N\
ke /K \ \ =< \
s\ L\
)\ )\ T
electronGsfTrack
pt = 970.68 GeV
eta = 0.066
Electron w
pt = 1153.51 GeV el
eta = 0.066 . ™
phi = 1.949 AN\ f \
| J -
3 f -
/ : i
/ /
; J v/
e pfMet
Mt = 2312.0 GeV T e pt=1211.16 GeV
phi =-1.145
caloMet
pt =1213.9 GeV
phi =-1.157
5/17/13 John Stupak Il - LHCP 2013

CMS Experiment at LHC, CERN

Data recorded: Tue May 8 08:19:45 2012 CEST
Run/Event: 193621 / 1180868279

Lumi section: 1557

Orbit/Crossing: 408140266 / 1737

35



W' = /v Event Display

Muon channel

CMS,

CMS Experiment at LHC, CERN

Data recorded: Fri Nov 30 05:20:24 2012 CEST
Run/Event: 208307 / 445184756

Lumi section: 287

CMS Experiment at LHC, CERN
Data recorded: Fri Nov 30 05:20:24 2012 CEST
Run/Event: 208307 / 445184756

Lumi section: 287

IMET 0,

| pt=1121.12

| eta = 0.000
phi = 2.270

MT = 2082.6 Geﬂ

Muon 0, N\

pt = 1113.84
| eta = -0.274 \
phi = -0.861
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barrel-barrel events

> 1 06 T T T I T T T T I =
3 10° barrel-barrel CMS Preliminary, 8 TeV, 19.6 fo"
> —e— DATA
€ 10° [ viz—e'e
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102 [ ] jets (data)
10
1
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10—4 Lo ! ! ! ! | "" |_|
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5/17/13

Events / GeV

barrel-endcap events

T I T T T T T T T T I
barrel-endcap CMS Preliminary, 8 TeV, 19.6 fb
—e— DATA

[ 1y/z—=e'e
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+§ 106 CMS Preliminary, 8 TeV, 20.6 fo! g, 106 ] CMS Preliminary, 8 TeV, 19.6 fo!
\E/ ] -+— DATA S 5 —e— DATA
n 10 Cdvz—u'w 2 10 Cdvz—e'e
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CMS Preliminary
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Z' = ("/"Event Display

electron channel

CMS Experiment at LHC, CERN

Data recorded: Sun Jul 15 03:34:01 2012 CEST
Run/Event: 198969 / 1188478742

Lumi section: 1021

CMS Experiment at LHC, CERN

Data recorded: Sun Jul 15 03:34:01 2012 CEST
Run/Event: 198969 / 1188478742

Lumi section: 1021

Electron 1,
pt=881.11
eta =0.372
phi = 2.929

\ Electron 0,

A pt = 882.81 |

eta = 0.611 |
phi =-0.207

Electron 1,
pt =881.11
eta = 0.372
phi =2.929

Electron 0,
T pt = 882.81
CMS eta=0611

phi =-0.207

m, = 1.78 TeV
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Z' = ("/"Event Display

muon channel

CMS Experiment at LHC, CERN
Data recorded: Sun Jul 22 06:02:46 2012 GMT-4
Run/Event: 199409 / 676990060

,/m
v

Lumi section: 553 CMS Experiment at LHC, CERN
. hY C S Data recorded: Sun Jul 22 06:02:46 2012 GMT-4
L 2N\ < i| Run/Event: 199409 / 676990060 1
| N\ L i| Lumi section: 553
A\ \\ \ } [ B
= \ \
| [y
A\ 1T |
Muon O,
pt = 897.88
Muon 0, eta? =0.518
pt = 897.88 phi = 1.095
eta =0.518 r
phi = 1.095
| T
Muon 1, | — !
pt = 882.75
eta = 0.988 -
hi = -2.065
p ~ Muon 1,
pt=882.75
eta =0.988
phi = -2.065
/

m,, = 1.82 TeV
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LQ,LQ, = pvjj

Selection cuts

[ Mo (GeV) [ 300 [ 350 [ 400 | 450 [ 500 [ 550 | 600 [ 650 | 700 [ 750 [ 800 | 850 | 900 [ 950 [ >1000 |
St > (GeV) 455 [ 540 [ 625 | 715 [ 800 [ 890 | 980 [ 1070 [ 1160 | 1250 [ 1345 [ 1435 | 1530 [ 1625 [ 1720
My, > (GeV) 155 | 180 | 205 | 225 | 245 | 260 | 275 | 290 | 300 | 310 | 315 | 320 | 320 | 325 320
M(p,jet) > (GeV) | 125 | 150 | 175 | 200 | 225 | 250 [ 280 | 305 | 330 | 355 | 380 | 410 | 435 | 465 490

Selected event yield
Mo Signal W+Jets tt VYV, Z, Single Top All BG Data
300 5032 £ 69 990 £21 1741+ 14 362 £ 11 3093 & 27 £ 383 | 3276
350 2322 428 4184+ 14 6045 +8.1 201.8 £9.5 1224 +18 £ 137 | 1315
400 1032 +£11 | 1958 +£9.1 243651 75.8 £ 4.1 5154+ 11+£60 | 594
450 5128 +8.6 | 1014+£6.6 1104 +35 41.6 £29 2533 £ 8.0 +£28 | 289
500 257.6+27 | 593+£50  539+24 23.6 +2.1 136.8 £5.9 £ 15 | 158
550 1392+£16 | 37.1+£39  245+16 141+17 758 £4.6+87 | 87
600 7577 £08 | 192+£27  137+12 74£1.1 403+32+48 | 53
650 4318 £ 045 | 1214+22  7.48+£0.89 3.98 £ 0.71 236+25+36 | 32
700 2451£026 | 72+17  482+071 2.37 1072 144130 +26 | 22
750 1463+0.15 | 53+15 2874055 1.87 1078 10117 +£23 16
800 | 8879+0.097 | 3.8+14 1414039 1.6 07 6918 +19 12
850 | 5.346+0.056 | 0924+053 0.75+0.28 1.16 1072 2831094+ 098 | 6
900 | 3.265+0.036 | 0.6+043  0.63+026 0.86 107, 2.09 1085 £092 | 4
950 | 2.056+0.022 | 0394039 042+021 0.73 197 154 108 054 | 4
1000 | 1.287+0.014 | 0.39£0.39 0.252 4 0.145 0.61 T9%° 125108 +038 | 4
1050 | 0.9091 £ 0.0091 | 0.39 & 0.39 0.252 + 0.145 0.61 7952 125108 +038 | 4
1100 | 0.6274 £ 0.0061 | 0.39 & 0.39 0.252 4 0.145 0.61 7552 125108 £038 | 4
1150 | 0.4292 £ 0.0043 | 0.39 &= 0.39 0.252 4 0.145 0.61 7552 12508 +038 | 4
1200 | 0.2989 & 0.0027 | 0.39 & 0.39 0.252 4 0.145 0.61 755 12508 £038 | 4

5/17/13

John Stupak Il - LHCP 2013
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LQ,LQ, = ppj)

Selection cuts

[ Mo (GeV) [ 300 | 350 [ 400 | 450 | 500 | 550 | 600 | 650 | 700 | 750 | 800 | 850 | 900 | 950 | >1000 |
St > (GeV) 380 | 460 | 540 | 615 | 685 | 755 | 820 | 880 | 935 | 990 | 1040 | 1090 | 1135 | 1175 | 1210
M, > (GeV) 100 | 115 | 125 | 140 | 150 | 165 | 175 | 185 | 195 | 205 | 215 | 220 | 230 | 235 | 245
Moin (1,jet) > (GeV) | 115 | 115 | 120 | 135 | 155 | 180 | 210 | 250 | 295 | 345 | 400 | 465 | 535 | 610 | 690

Selected event yield

5/17/13

Mo Signal Z+]ets tt VV, W, Single Top All BG Data
300 14980 £ 110 | 7162 £84 612+ 18 86.7 £5.0 1415 £20+£45 | 1461
350 6975+46 | 307.2+£55 368+ 14 542 +41 730 £ 15+ 16 714
400 3369 £22 | 1765+41 178.7+94 29.6 + 3.0 384.8 £10.7 £ 9.3 | 394
450 1664 + 10 974+30  89.3+66 189 + 2.4 2053 +£7.6+55 | 210
500 8594+52 | 619+£24 485+48 11219 1216 £57+48 | 128
550 4593+28 | 3514+18 255+34 75+ 16 68.1+42+27 | 75
600 2523 £ 1.5 23+14 1584£276 5.85 + 1.41 447 £34+20 | 4
650 | 143.87+0.86 | 1514113 8864198 408 t132 28+2.6+13 24
700 82.02+£049 | 9.66+091 597+172 2.99 T2 186+22+13 15
750 4806029 | 637+£074 141407 1.54 1078 9321125 £087 | 11
800 2873 +£0.17 | 385+058 1.55=+0.77 113 702 6.53 112, £0.85 9
850 17434011 | 224042 056 +0.56 112 972 3.88 110, +0.67 5
900 | 10.337 +£0.064 | 1.19+031 0.0 )7’ 0.28 10° 1.47 1087 +0.43 3
950 6333+004 |071+024 0075 0.117 *34%8 0.83 192 +£0.29 1
1000 | 3.84540.025 | 0.38+£0.17 0.0 5 0.0 & 0.383 1081 £0.031 | ©
1050 | 2.557 £0.016 | 0.38+£0.17 0.0 75’ 0.0 & 0.383 1081 £0.031 | 0
1100 | 17144001 |038+£017 0.0 5 0.0 & 0.383 101 +£0.031 | 0
1150 | 1.1465 £ 0.0069 | 0.38 £0.17 0.0 75’ 0.0 & 0.383 10851 £0.031 | 0
1200 | 0.7554 4 0.0045 | 0.38 £0.17 0.0 753’ 0.0 & 0.383 0851 £0.031 | 0

John Stupak Il - LHCP 2013

43



LQ,LQ, = pvjj

Pre-selected events Selected events
CMS Preliminary \s=8TeV, 19.6 fb" ., CMS Preliminary 's=8TeV, 19.6 fb"
10°E
=~ Data 3 =— Data
////// (Tai 10° & i =
T + jets E ZZ= tt + jets
- Other Background c C Other Background
0 —— LQ, M = 400 GeV o 10°g - Unc. (stat + syst)
S~ S~ =
w LQ, M =750 GeV [2) - Al —— LQ, M =500 GeV
c c 70
q>) G>,) 10 EE /S LLL
L W T L -
: L
//////////;l -1 :
EE 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 IREE (51 IRETREEE IREET B 10 E Il I Il Il 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 I 1 1 1 1
500 1000 1500 . 2000 2500 3000 500 1000 1500 _ 2000 2500 3000
hY% v
sV [GeV] s [GeV]

m(LQ) = 500 GeV
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LQ,LQ, = ppj)

Pre-selected events

CMS Preliminary

's=8TeV, 19.6 fb’

10°
—— Data = Data
== Z/y +jets 10° ~ Zly +jets
“Z= t1+jets . Z== tt+jets
- Other Background c 10 Other Background
@ —— LQ, M =500 GeV n\_] 10° —— LQ, M =500 GeV
I%) LQ, M =900 GeV %) LQ, M =900 GeV
[ [ 102
) )
> > : I_'—|_
L \ W 4ok
NN = ' —
77 — =——=2 :*”' Y
. . N\
/) | 1 1 1 1 | 1 1 1 1 | 1 |///I///|//” IR | 1 1 | L 1 1 lu—l_ﬁ 10 1 | 1 1 1 | I |\\|
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5/17/13

CMS Preliminary

's=8TeV, 19.6 fb

John Stupak Il - LHCP 2013




LQ,LQ, = ppj)

Selected Events

CMS Preliminary 's=8TeV, 19.6 fb™ CMS Preliminary 's=8TeV, 19.6 fb’
= Data B = Data
3 “Zz tijets 2 “Z tt+jets
c - Other Background c 5 Other Background
@ 102 e ~— Unc. (stat + syst) g\_j 10 ~ Unc. (stat + syst)
) . % —— LQ, M =500 GeV @ S —— LQ, M =900 GeV
C 7 c C
o 10 0 o B _—I_‘_l_
> E e > B
& F RS oL
: (4 C F&\ AN
-1 : ay- =\ —
1OE.|....|....|..3. NRavRe W N 10E..I....I..3..‘|..\‘.T?J'II....I....I....
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wu uu
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5/17/13 John Stupak Il - LHCP 2013 46



=> Mv]j Event Display

CMS Experiment at LHC, CERN CMS Experiment at LHC, CERN
Data recorded: Fri Jun 1 13:31:21 2012 EDT 3 Data recorded: Fri Jun 1 13:31:21 2012 EDT C S
Run/Event: 195378 / 1118716280 i Run/Event: 195378 / 1118716280 <

Lumi section: 984 3 Lumi section: 984 B

m(u,jet) = 1450 GeV
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LQ,LQ, = ppjj Event Display

CMS Experiment at LHC, CERN CMS Experiment at LHC, CERN
Data recorded: Tue Dec 4 14:39:35 2012 EDT 3 Data recorded: Tue Dec 4 14:39:35 2012 EDT C S
Run/Event: 208541 / 213116953 3 Run/Event: 208541 / 213116953 <

Lumi section: 141 3 Lumi section: 141 B

m.i(M,jet) = 662 GeV
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