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Motivations % M

|
Search strategies Physics models
[] Many handles to search for evidence ['] Heavy resonances

of new phenomena

a Multi-lepton final states
a Lepton flavour violation

[] Quantum black holes
[ Extra dimensions

21 Exploit Higgs [ Non-resonant effects
L] Dijet events [] Excited quarks
O ..

Highlighted analyses

[C1 Try to highlight a subset of the many analyses being pursued at CMS
[ Focus on some of the more recent results
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CMS
|

¥

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter : 15.0 m Pixel (100x150 un) ~16m* ~66M channels
Overalllength ~ :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PBWO, crystals

HADRON CALORIMETER (HC.
Brass + Plastic scintillator ~7,000 channels
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Heavy neutral leptons

_
Motivation and sirategy
[ Majorana neutrinos [ Incorporates the “seesaw” mechanism
mixing with SM neutrinos [ Provides DM candidate as well as candidates

for baryon asymmetry

W:E
gi

W) Vs

CMS-EXO-17-012
1802.02965
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-012/index.html
http://arxiv.org/abs/1802.02965

Heavy neutral leptons

|
Motivation and strategy Selection and Background
[] Majorana neutrinos [l Event selection
mixing with SM neutrinos [ Three leptons — not same-sign

] Divide search region to target low and high
mass separately

[Z] Background control
O b jet veto
O zz: Reject events with fourth identified lepton

[ wz: Reject events with OSSF lepton pair in the
Z mass window

[l Experimental signature:
1779%
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Heavy neutral leptons
|

3 leptons, > 2 electrons *aaTe
D! i smowlaaTey 4 o
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Motivation and strate I
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[T] Majorana neutrinos z ., FiE
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Eazm
W vevoson
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mixing with SM neutrinos

[ Experimental signature: o
1773%
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[] Search variables: Msg, ] 00 e
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Heavy neutral leptons
|

. . L R 359f‘b‘(1‘3“TeV)
Motivation and strategy ‘”>- 95% CL upper limits

[ +2std. deviation

[Z] Majorana neutrinos I + 1 std. deviation
mixing with SM neutrinos — Observed
[[1 Experimental signature: e ODSETVE,
promp — DELPHI prompt
4427 decays — DELPHI long-live:
. —L3
[l Search variables: May, —_ATLAS
2[(,58’ M, and :OIPISS —— CMS 8 TeV
m, (Gel\(};
N
Results N R e B3 T
L. . 21 95% CL upper limits
[] Limits set on the mixing > Eoms T Expected
parameters [Vgy|? and 107 [ +25td. deviation
2 [ + 1 std. deviation
|VpN| 1072 —— Observed

[l 15x107°—1.8
Ll 1Gev < my < 1.2TeV

.. Observed,
prompt N

—— DELPHI prompt

decays P
[ NB.: s ) 10 - :2EI_SP:_I|_:)\79»I|ve
mo<1/n1_N]VeN\ , .
affects limit in the low DT
mass region 1 05 - -
my (GeV)

4.d/20



Heavy right-handed SM partners
|

Motivation and strategy |

[[] L-R symmetric scenarios in BSM
[l Heavy W decaying to ¢Ng models

jet

Np Wi
Jet

CMS-PAS-EXO-17-011
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-17-011/index.html

Heavy right-handed SM partners
|

Motivation and strategy Selection and Background

[l Heavy Wy decaying to /Ng [l Event selection

[ Experimental signature: £¢jj = S;"(;'}:tgai‘:"tr]relzete?]? pallie it lzalhg

1 Ensure separation (AR > 0.4)
between final state objects

[Z1 Background control

[ +jets: utilize ey control region to
estimate contribution in signal region

1 DY+jets: my, > 200 GeV
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Heavy right-handed SM partners
|

< . . : 359 b (13 TeV)
I i 2 CMS Preliminar —— 2y jets
Motivation and strategy ﬁ "f =
w Other backgrounds

—— my =4 TeV, m -2 TeV

[} Heavy W decaying to /Ng
[l Experimental signature: £¢jj
LI Search variables: myg;, mg,

—— my, =4 TeV, m, =2 TeV

—e— Data

35.9 fb (13 TeV) K]
> 04 T T T T = wo il |
10 il 2y +jets. by 4
8™ ONS Frempnary - R a0
[re) E
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i F 35.9 fb" (13 TeV)
F £ T T T —
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Heavy right-handed SM partners

Motivation and strategy

[l Heavy Wy decaying to ¢Ng
[ Experimental signature: £4jj
] Search variables: Mygji, Mg

Results

[C] Limits set on the mass of the
heavy partners, assuming

1
Mg = 3Mwg
] Exclude My, < 4.4 TeV

"
3

-
S

a(pp ~ Wg) X BRW, — eejj) (fb)

N

35.9 b (13 TeV)

my, = my, /2
Theory (9_=9)

95% CL upper limit
—— Observed

-~ Median expected
M 68% expected
95% expected

"
U

-
5

0(pp — W) x BRW, - ) (1)

N

| L L
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A
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Theory (9= )
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New di-boson resonances in the 2/2v final state

|
Motivation and strategy
gaa%
[l Composite Higgs, extra dimensions %
[[1 Experimental signature: X — ZZ %?j(>

CMS-B2G-16-023
1711.04370
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-16-023/index.html
http://arxiv.org/abs/1711.04370

New di-boson resonances in the 2/2v final state

Motivation and strategy

[l Composite Higgs, extra dimensions
[l Experimental signature: X — ZZ

L] Search for a Jacobian Edge in the Mr
spectrum

Events / 50 GeV

35.9 fb! (13 TeV)
R

RS
= e

(@ Reson. backgrounds
[ Nonreson. backgrounds.
—4— Data

[ J1pbbukG,M=1Tev
[ syst. uncertainty
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invariant mass in the Z mass window

L1 Background control
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New di-boson resonances in the 2/2v final state

Motivation and strategy

[] Composite Higgs, extra dimensions
[ Experimental signature: X — ZZ

[_] Search for a Jacobian Edge in the My
spectrum

Bulk graviton (Gpy) limit

] RS KK with SM flavour extensions

[l Models with different expected
curvature of the WED

a Mgy, < 1.2 TeV(800 GeV) excluded
for k = 1.0(0.5)
[ Not sensitive to k = 0.1 model

o(pp -~ X~ ZZ) (pb)

C
3

=
o

1

35.9 b (13 TeV)

L L e B B B e B
95% CL upper limits

CMs —— Observed
........ Median expected
I 68% expected

95% expected

bulk G —~ ZZ cross sections
k=1.0

77777 =01
PDF+scale uncertainties

P !
2000 2500
m, (GeV)

Nl e
1000 1500
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Lepton flavour violation g M

|
Motivation and strategy Motivation and strategy
[_] Predicted in several new physics [] Quantum black holes
models [] R-parity violating SUSY

] Model independent signature of eu 1 Some Z’ models

qQu T Q4 wh
Gu ut

QBH /
7/ 311 v, M3

CMS-EXO-16-058
1802.01122
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-058/index.html
http://arxiv.org/abs/1802.01122

Lepton flavour violation
|

Motivation and strategy 159 (13 1e1)
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S}

35.9 fb ! (13 TeV)

T T T T T 10"
10° | CMS - W Jet e misidentification

- W WW, WZ,2Z —— QBH. n=1,my,=1500 GeV. 107
g Single t —— RPV, m, =1 TeV, A=X=001 .
= = Drell-Yan B Systematic uncertainty 0
g

g Wy t Data 10*
B "5
3 = 10
H ERY
:
s z

g £
<] a

1
2000
m,, (GeV)

1 | 1
200 300 7.b/20



5 XB (

Lepton flavour violation
|

Results

[J RPV (7;) 1.7 and 3.8 TeV
Ox- >\1§2 = A2at
O x =g

35.9 fb ' (13 TeV)

cMs

—— Observed

- - - Median expected

Bl 68% expected
95% expected
RPV Signal:
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Lepton flavour violation
|

35.9 b (13 TeV)

cMS '95% CL upper limits
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ReSUItS 2 -~ Median expected
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[ RPV (#,) 1.7 and 3.8 TeV H o
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Lepton flavour violation
|

35.9 fb~! (13 TeV)

cMS 95% CL upper limits
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Resu Its 2 \ -~ Median expected
gty W 68% expected
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New physics with dijet angular distributions
|

Motivation and search strategy

] Quantum black holes
[] Quark compositeness

[_] Di-jet signature provides copious data
at the LHC, and many new physics ; ]
models provide di-jet signatures L] Extra dimensions

[ Angular distributions provide [ Dark matter
promising strategy to gain where
invariant mass searches lacked
sensitivity

CMS-PAS-EXO-16-046
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http://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-16-046/index.html

New physics with dijet angular distributions
|

Motivation and search strategy

CMS Preliminary 35.9 fb* (13 Tev)

[*] Di-jet signature provides copious data 5 03 — zi'gQCMWmedmm
at the LHC, and many new physics 50.25 N (C)=13Tev
models provide di-jet signatures g 02 C.; :f::g;éi;v)mev
[Z1 Angular distributions provide SO15E Mheg (DM g = 1.0) = 45 Tev
promising strategy to gain where = 0 o
invariant mass searches lacked 0.05 I e 5T
sensitivity 0_%+¥ Lp 54<M;<60Tev 3
0.05F = oy Jpﬁ =
[1 Observables: M, xgiiet ST ~ S S S
Y 5 0.1:2-‘“i 48<M; <54Tev 3
0,05 * SR =
0.1%_- ‘ "42<M, <48Tev E
1+ cos(0") oo S E
1 +|cos| E—t + + + + + =
Hyr= ﬁln(17\cos 0% |) 0.1 36< M, <42Tev 3
2 1+|cos(6*)] M S e
U Xdijet = € - T—[cos(0%)] 01 30<M, <36Tev 3
0.05- E
0l "24<M, <30TeV 3
g |
0.05 E|
2 4 6 8 10 12 14 16
Xd\jel
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New physics with dijet angular distributions

Model

Observed lower limit (TeV)

Expected lower limit (TeV)

AfL/RR (NLO) 13.1 152 £ 0.9
Arprr (NLO) 17.4 239+ 3.0
Ayy (NLO) 151 173+ 1.0
Ayy (NLO) 22 312438
A, (NLO) 152 173+ 1.0
Aja (NLO) 21 31.0+38
ARFA) (NLO) 9.1 11.7 £ 1.0
A(iva) (NLO) 9.3 119+1.1
ADD At (GRW) 10.6 12.1 £ 0.9
ADD Ms (HLZ) ngp =2 11.4 133 £1.0
ADD Ms (HLZ) ngp =3 12.6 144 +11
ADD Ms (HLZ) ngp =4 10.6 121 £ 0.9
ADD Ms (HLZ) ngp =5 9.6 109 £0.8
ADD Mg (HLZ) ngp = 6 8.9 10.2 £ 0.8
QBH Mggn (ADD ngp = 6) 8.3 8.7+0.3
QBH Mggn (RS negp = 1) 6.0 6.5+ 0.4
DM Vector/ Axial-Vector Myeq 2.5-5.0 2.5-5.2
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Vector-like quarks: B — Hb
|

Motivation and search strategy

[ Several models predict the existence
of vector-like quarks

[C] Experimental signature: boosted
Higgs + forward jet

CMS-B2G-17-009
1802.01486
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-17-009/index.html
http://arxiv.org/abs/1802.01486

Vector-like quarks: B — Hb

|
Motivation and search strategy Event selection
[ Several models predict the existence [ Higgs-tagged jet
of vector-like quarks [C] Three additional jets (at least one b-tagged)

[Z] Experimental signature: boosted

Higgs + forward jet
35.9 ‘fb'l (13 Tev)

> T =
8 MS After fitting 3
359 13Tey) R Data I:I Multjets .“ 3
g 104 . - — N 3
= 10°E CMS $ Data .Z +jets .W +jets = W+ jets R Stat + syst unc. """ m = 1.8TeV x 500 —
j%2} P ]
2 10° T i Stat uncertainties c At least one forward jet
[ 103 .tt D Multjets in the MC simulation g High mass analysis ! E
o 10 —mg =1TeVx500 --mg=18TeV x 500 o E
S 107 =
£ 10° E
£ 10° E
z 104 E
10° =
107 =
o ]
2
2 M 2.5
o . o .
S i 0 = i v P
s f = 05
< 0.9 = 0
[a] 0 1 2 . © 600 800 1000 1200 1400 1600 1800 2000 2200
Number of b-tagged subjets O

m,,, [GeV]
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i
3

6 x B(B - bH) [ph]

Vector-like quarks: B — Hb

35.9 b (13 Tev)

F 95% CL upper limits

¢ Observed

Median expected

I 68% expected

95% expected

Theoretical o (LO), singlet
rrrrrrr Theoretical o (LO), doublet

Both forward jets categories
Narrow width approximation, /M = 1%

| | 1 | L 1
800 1000 1200 1400 1600 1800

my, [GeV]

3597 (13Tev)

95% CL upper limits.
¢ Observed
<-eo-= Median expected
I 68% expected
95% expected
Theoretical o (LO), singlet
rrrrrrr Theoretical o (LO), doublet

Both forward jets categories
- TIM=20%

| 1 | ! |
800 1000 1200 1400 1600 1800
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s
%

0 x B(B - bH) [ph]

=
Q

s S

35907 (13 Tev)

| CMs

Both forward jets categories
- MM =10%

C 95% CL upper limits.

¢  Observed

- Median expected

I 68% expected

95% expected

Theoretical o (LO), singlet
-~ Theoretical o (LO), doublet

| I I
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L L |
1400 1600 1800
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3597 (13 TeV)

| CMs

Both forward jets categories
/M = 30%

95% CL upper limits.
¢  Observed
- Median expected
I 68% expected
95% expected
Theoretical  (LO), singlet
-+ Theoretical o (LO), doublet

I
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Third-generation scalar leptoquarks LQ — tr
|

Motivation and strategy

[] Leptoquarks appear in several BSM
scenarios
[ LQs — 1t
It bvw

’
mW—qq
H Wl

[] Compositeness
[ GUTs

CMS-PAS-B2G-16-028
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http://cms-results.web.cern.ch/cms-results/public-results/publications/B2G-16-028/index.html

Third-generation scalar leptoquarks LQ — tr

[] Leptoquarks appear in several BSM

[l Variable of interest ph*

e+t"+1e1s Cat. A, OS IowST +r,,+|ets Cat A 0os

Motivation and strategy Event selection

[] Select events with e or 1, one or two 7, and

O Split into regions of St
O Split into 7, multiplicity categories
u 1 7, same or opposite sign of accompanying

2 7, of opposite sign

grh ST

Events
Events

-#-Data
W,

Zijets

LA 600GeV. ::x

T S A W |

DATA/MC
DATA/MC




Third-generation scalar leptoquarks

|
102 | + 1, + jets channel 35.9 fb (13 TeV.
= T = g
Motivation and strategy = CMsS Onsenedimiatssoct
& ol Preliminary Median expected limit ]
X I 68% expected E
[C] Leptoquarks appear in several BSM & 95% expected ]
1 1 — — - prediction (NLO, =1) Kramer ea%
scenarios [Phys. Rev. D 71(2005) 057503]
[ LQs — Tt ]
10"
O isww
"W qq, 102
u Wl
hadtop 10° | )
500 1000 1500
M,_Qg [GeV]

[ Variable of interest py

Results
L) Mg, < 900 GeV excluded (6 = 1)
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Summary and Conclusions
|

|
[Z] The new physics program at CMS is very active
and well varied

[J] Taking advantage of many different final state
topologies to investigate many BSM scenarios

[_] Different strategies targeting the same final states
add robustness to the results

[l Limits on a wide variety of models are being set
and extended

11.2/20



Summary and Conclusions
|

|
[Z] The new physics program at CMS is very active
and well varied

[J] Taking advantage of many different final state
topologies to investigate many BSM scenarios

[ Different strategies targeting the same final states
add robustness to the results

[l Limits on a wide variety of models are being set
and extended

Thanks for your attention!

Questions?

11.b/20
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CMS Results Links
|

Further documentation

1 CMS public publications page:

http://cms-results.web.cern.ch/cms—results/public-results/

publications/Run2/index.html
[I CMS public results page:

http://cms-results.web.cern.ch/cms-results/public-results/
preliminary-results/Run2/index.html

[] CMS Exotica publications page:
http://cms-results.web.cern.ch/cms-results/public-results/
publications/EXO/index.html

[l CMS Exotica public results page:
http://cms-results.web.cern.ch/cms-results/public-results/
preliminary-results/EXO/index.html

[] CMS Beyond 2 generations publications page:
http://cms-results.web.cern.ch/cms—results/public-results/
publications/B2G/index.html

] CMS Beyond 2 generations public results page:
http://cms-results.web.cern.ch/cms-results/public-results/
preliminary-results/B2G/index.html
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http://cms-results.web.cern.ch/cms-results/public-results/publications/Run2/index.html
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Heavy right-handed partners
|

35.9 b (13 TeV) 35.9 b (13 TeV)
T T

N USSR S AAUSMASARRARIAS
8 CMS Preliminary 8 CMS Preliminary
=, - -Expected = - -Expected
EZ - -- 68% expected Ez - -- 68% expected
- -+ 68% expected - -+ 68% expected
—Observed —Observed 1

my, > my, my, > My,

95% CL upper limit on cross section (fb)
95% CL upper limit on cross section (fb)

e 2
1000 1500 2000 2500 3000 3500 4000 4500 5000 5500 10

10

1000 1500 2000 2500 3000 3500 4000 4500 50005500
my, (GeV) my,, (Gev)
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Heavy right-handed partners

|
Uncertainty Signal (%) | Background (%)
Jet Energy Resolution 3.2-258 09-252
Jet Energy Scale 0.2-289 4.8-26.8
Electron Energy Resolution | 3.7-4.8 2.7-45
Electron Energy Scale 3.7-64 49-59
Electron Reco/Trigger/ID 8.7-10.9 6.1-104
Muon Energy Resolution 47-10.1 6.9-12.2
Muon Energy Scale 47-10.2 6.2-11.9
Muon Trigger/ID/Iso 23-47 19-5.2
Uncertainty ‘ Magnitude (%)
tt extrapolation ee/ep SF 16.9 (stat.+syst.)
tt extrapolation pp /ey SF 20.1 (stat.+syst.)
DY ee PDF 15 — 70 (syst.)
DY ee renormalization/factorization 5 — 40 (syst.)
DY uu PDF 10 — 70 (syst.)
DY ppu renormalization/factorization | 10 — 50 (syst.)
Luminosity 2.5 (stat.+syst.)

15.b/20



New physics with dijet angular variables
|

Source of uncertainty 24 < Mj; <3.0TeV | Mj; > 6.0 TeV
Statistical 0.7% 27%
Jet energy scale 3.6% 9.2%
Jet energy resolution (core) 1.0% 1.0%
Jet energy resolution (tails) 1.0% 1.5%
Unfolding, modelling 02% 1.5%
Unfolding, detector simulation 0.5% 1.0%
Pileup <1% <1%
Total experimental 4.1% 29%
QCD NLO scale (6 changes in g and pr) f?'gﬂ,: fégs;"
PDF (CT14 eigenvectors) 0.2% 0.6%
Non-perturbative effects <1% <1%
Total theoretical 8.5% 19%
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New di-boson resonances in the 2/2v final state

]
Source Signal Z-+jets Resonant Nonresonant
(%) (%) (%) (%)
Integrated luminosity 2.5 2.5 2.5 2.5
PDF: cross section — 23 1.7 —
Scale: cross section — 3.5 3.0 —
EW NLO correction — — 3.0 —
PDF: acceptance 1.0 3.4 1.0 —
Scale: acceptance (—) 227 29 —
Trigger/identification eff. 2.1 — 04 —
Z reweightin, — 6.8 — —
Electron KITonresonagnt nogrm. — — — 10.0
channel pr/energy scale (—) — 4.6 —
Jet energy resolution (—) — 6.8 —
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Lepton flavour violation
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Lepton flavour violation
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Vector-like quarks: B — Hb
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Third-generation scalar leptoquarks
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