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Search for Narrow Resonances using the Dijet

Mass Spectrum in pp Collisions
at sqrt(s) 8 TeV CMS PAS EXO-12-016
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Search for Narrow Resonances using the Dijet

Mass Spectrum in pp Collisions
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Generic upper limits on the productc xB x A
It can be applied to any model of dijet resonance production.

Specific lower limits on the mass of string resonances, excited quarks, axigluons,
colorons, s8 resonances, E6 diquarks, W’ and Z’ bosons, and RS gravitons

Many extend previous exclusions from the dijet mass search technique
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Search for Resonances in Dilepton Mass

Spectra in pp Collisions at sqrt(s)=8TeV
CMS PAS EXO-12-015
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Search for Resonances in Dilepton Mass

Spectra in pp Collisions at sqrt(s)=8TeV
CMS PAS EXO-12-015
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Search for microscopic black holes
at sgrt(s) = 8 TeV with the CMS detector
CMS PAS EXO-12-009

- C

107k CMS Preliminary |s = 8 TeV, 3.7 fb" a)

s Multiplicity, N = 2

T10°s * Observed " Photon-+Jets

2 F ===Background W+Jets

= i Ml ttbar

FVE Uncertainty

A Mp=1.5TeV,M]\"=55TeV,n =6

10 3 ~Mp=20TeV,M"=5.0TeV,n=4
103;_ - Mpy=25TeV,MJ"=45TeV,n=2

—
o
[§%]

Trigger: Hy

—
o

+

II|III. lmI_m‘!I..J].IIIIl
1500 2000 2500 3000 3500 4000 4500 5000 5500

fit window S, (GeV)

=k

5SS

E1 o7 i_ CMS Preliminary (s = 8 TeV, 3.7 fb” b)
g Multiplicity, N = 3
Zi0f ® Observed " Photon+Jets
2 ===Background  [W-+Jets
L%’mﬁ s Uncertainty ~ IMttbar
M 000 Mp=15TeV,MI"=55TeV,n=6
10* & -« Mp=2.0TeV,M" =5.0 TeV, n = 4
- - Mp=25TeV,M""=4.5TeV,n = 2

R

1500 2000 2500 3000 3500 4000 4500 5000 5500
fit window S, (GeV)

ST — scalar sum of the transverse momenta of individual objects( with py > 50 GeV):

jets, electrons, photons, muons and missing E;
all such objects except missing E; are counted towards the final-state multiplicity N

7 Vllith Rencontres du Vietnam, Quy Nhon 17/12/2012



10*

=
ot ]
]
o
o
—
—
fik]
=
L

10°

g My =25TeV, MI'" = 4.5TeV, n =2
10°E=
=
E@©
—-E
m;—':_éS s
EB PN
1=—= T+ . Labn
:I|IIIIIIIII|IIIIIIIII|Illllllllillllll

CMS Preliminary s = 8 TeV, 3.7 fb”"
Multiplicity, N= 5
* (Chbserved
— Background
Uncertainty
Mp=15TeV, M "=55TeV,n=6
Mp =2.0TeV, M3 "=5.0TeV, n =4

c)

2000 2500 3000 3500 4000 4500 5000 5500
S, (GeV)

} : _‘
& E CMS Preliminary s =8 TeV, 3.7 fb e)
o L Multiplicity, N = 7
AN * Observed
L10°E — Background
E - Uncertainty

10°

T T T IIIIII_I
normalization

10

----- My =1.5TeV, Mé"l_;" =55TeV,n=6
My = 2.0 TeV, MB’"I_;" =b0TeV.n=4

_ min __ _
-« My =2.5TeV, MBH =45TeV,n=2

[T .
i R L
R e
- - e
b S e P -
e, ey T
“h Mo Raw
= L
- W
v H
e
i e
STV IN RN IR I A SN A

.......
%

200

L1 1 1 I | I I | | |
0 2500 3000 3500 4000 4500 5000 5500
S, (GeV)

8 Viith Rencontres du Vietnam, Quy Nhon 17/12/2012

Everts / 100 GeV

Events / 100 GeV

10°

10

iy
=
[EH]

10°

10

CMS Preliminary (s = 8 TeV, 3.7 fb”
Multiplicity, N = 6
¢ (Observed
— Background
Uncertainty
~ My =15TeV,MJ"=5.5TeV, n =6
My =2.0TeV, MI" = 5.0 TeV, n = 4

d)

L & M, =25TeV, M™ =45TeV,n=2

Eo BH

L

-

LN

=1 HR &

:g - L.

_o nag

= .

E Illlllllll;.-llli;---]

2000 2500 3000 3500 4000 4500 5000 5500
S (GeV)

CMS Preliminary (s = 8 TeV, 3.7 fb”

Multiplicity, N = 8

¢ (Observed

— Background

Uncertainty
~Mp=15TeV,MJ"=55TeV,n=6
M, =2.0TeV, M =5.0TeV. n=4
o My =2.5TeV, MI" =4.5TeV, n =2

f)

ormal.

_I|IIII|IIIIIIIII|IIII|I-‘;.-IIIIIII|IIi.I|

2000 2500 3000 3500 4000 4500 5000 5500
S, (GeV)

40M Je poylow aosuerseaul Apdldpnw 1s



Search for
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Search for leptonic decays of W' bosons

In pp collisions at sqrt(s) = 8 TeV
CMS PAS EXO- 12 010
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Search for leptonic decays of W' bosons

In pp collisions at sqrt(s) = 8 TeV
CMS PAS EXO-12- 010
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Search for leptonic decays of W' bosons

In pp collisions at sqrt(s) = 8 TeV

o CMS PAS EX0-12-010
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Search for leptonic decays of W' bosons

In pp collisions at sqrt(s) = 8 TeV
CMS PAS EXO-12-010
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Search for a heavy neutrino and right-handed W (€

of the left-right symmetric model in pp collisions e

at sgrt(s) =8 TeV CMS PAS EXO-12-017
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Search for a heavy neutrino and right-handed W \’G“c |

{ of the left-right symmetric model in pp collisions e

at sgrt(s) =8 TeV CMS PAS EXO-12-017
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Search for a heavy neutrino and right-handed W (€

. of the left-right symmetric model in pp collisions &%
at sgrt(s) =8 TeV CMS PAS EXO-12-017

Ldt= 3.6 fb ' at y5=8 TeV
| | | ] I | | I | | I I

|
CL Method M =M, /2
Observed Limit (95%CL)
-------- Expected Limit (95%CL) 7

[ Expected+ 1o
[ ] Expected+2a

Theory Expectation

{gH=gL, MN..:MN,:MN,}

CMS Preliminary

3.6 fb'at8 TeV
| I I

' ANRER " | = Observed
-------
an® -

'&.‘ v EX p&ﬂtm

CMS Preliminary
1 I | L

—
o
w

2
IIIII| 1 T T TTTT
|

AN
N

R

—
o
[l

R

) -
-
-
-
-
-
- .
o & .
// A
'y -
"
/ L T

=k
III|

p— W )x BR(W _—s (ee+up+tr) jj) [fb]

i | | : .. | | | | | | | | | | | | | | | ] n | | 1 1 | 1 | | | I | | 1 | | i | | | n
1%00 1500 2000 2500 3000 £ 1000 1500 2000 2500 3000
M, [GeV] © M, [GeV’

R

16 Viith Rencontres du Vietnam, Quy Nhon 17/12/2012



Search for a heavy neutrino and right-handed W (€

1 of the left-right symmetric model in pp collisions &<
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Search for heavy quarks decaying into a top quark and \‘TC |

|/
a W or Z boson using lepton + jets events in pp collisions A
at sqrt(s)=7 TeV CMS-B2G-12-004

New heavy quarks (Q) that decay to top quarks and electroweak bosons (W, Z, or Higgs)
appear in many theoretical scenarios.

The simplest being the sequential fourth generation model

For heavy down-type quarks decaying exclusively into a top quark and a W
boson, the full decay chain is QQ - tWtW - bWWbWW ,

For up-type quarks decaying exclusively into a t quark and a Z boson,
itis QQ - tZtZ - bWZbWZ.

The search is performed in events in which one of the W bosons decays leptonically,
while the other bosons decay into quark-antiquark pairs.

Selected events are required to have
— exactly one charged lepton,
— an imbalance in transverse momentum,
— at least four jets with high transverse momenta
— at least one of which is consistent with the decay of a bottom quark.
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Search for heavy quarks decaying into a top quark and \OJ€e

)
a W or Z boson using lepton + jets events in pp collisions S

at sqrt(s)=7 TeV CMS-B2G-12-004

. CMS Vvs=7TeV L=5.0fb"
5 = —e— Data ( 5.0 fbh)
Isolated lepton 2 E £77TT QU ZTZ (M, = 500 GeV)
at least 4 jets - £0 QT oWiW (M, =500 GeV)
: Ca
at IeaSt one . 10° E B Other backgrounds
b-tagged jet : - :
' 5 jets .. 6 jets >7 jets
Distribution in St 10°
for different jet
multiplicities after the
maximume-likelihood

fit to data.

The last bin in each
subfigure is the
overflow bin.

(&

Ratio over SM
un

—

The bottom plot shows s

the ratios of data and 300 900 1500 350 950 1550 400 1600 300 1700

SM plus signal over SM. S, (GeV)

Q - tWand Q - tZ distributions are shown for illustrative purposes for MQ = 500 GeV.
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Search for heavy quarks decaying into a top quark and

a W or Z boson using lepton + jets events in pp collisions

at sqrt(s)=7 TeV CMS-B2G-12-004
CMS (s=7TeV L=5.0fb" CMS V(s=7TeV L=5.01fb"

g C —e— Observed 95% CL @ - —e— Observed 95% CL
& B(Q — tW) = 100% 'Q BQ>tZ)=100%  ..... Expected

< I 1 - 68% Expected

L i [ ] 95% Expected 1 N [ ]95% Expected

% —— Theory (HATHOR) % i —— Theory (HATHOR)

107! i

10—
0 500 S50 600 650 700780 00 T@0m0 0 600 60
M,, (GeV) M., (GeV)

Background process Cross section e+jets events pu+jets events
tt+jets 154 =19 pb 7521 + 38 7190 + 37
Single top 84.9 + 2.5 pb 399 +4 391+4
W+jets 31+2nb 798 =16 790 £ 16
Z+jets 31+03nb 104 +3 63 £2
Diboson (WW, WZ, Z7) 67 =2 pb 17 +1 15+1
Multijet from data 334+8 -
Total background 9173 42 8449 + 44
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Search for RPV supersymmetry with three

or more leptons and b-tags
CMS-PAS-SUS-12-027

{s =8 TeV, lel =92 b’

Vs =8 TeV, Lin‘ =9.21b"

b'b’ to tWiW
observed 95% Cls Limits .
--- gxpected 95% CLs Limits :
Co N expected o :
e expected £2¢
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-+ gxpected 95% CLs Limits :
- N expectedtio :

expected +2a

e — Tf‘lEt!lrEtIGEHG'NLG :
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o I expectedtio -
expectedt2a

o — The,ﬂ:rehcaj GNL'CI- : ........;.........................?.......................... eemeen ]
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Interpretation
of the RPV result (shown today by Daniel)
asab'-tw
or b'- bz
Sequential, exotic quarks, the heavier
partner of the hottom quark, denoted
by b’, could decay either to a top-quark with
a W-boson (tW mode)
or a bottom-quark and a Z-hoson (bZ mode).



Conclusions & references

We (CMS) have not yet found any exotic beast,
but we keep searching.
Analyses with full 2012 data set are at an approval stage.
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