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* The use of leptonic/photonic resonances has been a critical tool in
searching for signatures of physics

* The W&Z boson as well as Higgs boson were all discovered
using these signatures

 Many models beyond the Standard Model (BSM) predict
resonances at the TeV energy scale

* These include spin-0, spin-1 and spin-2 resonances produced
in such models as the Sequential Standard Model (SSM) with
SM-like couplings, Grand Unified Theories (GUT) with Eg gauge
group, Randall-Sundrum (RS) model of extra dimensions
leading to Kaluza—Klein graviton (Gkk) excitations

* We search for a clear bump on-top of a SM background
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* | will brietly present the following results which are
based from different datasets collected by the CMS
experiment including those from 2016

#|  Analysis Integrated Luminosity

1 |W'—bv (2=e/p) 2.3 fb! (2015) EX0-15-006
2 W' pv (2=T) 2.3 fb-! (2015) FX0-16-006

3 |Z/>00 (2=efp) 13 fo! (2016) EXO-16-031
4|z/—00 (0=1) 2.2 fo! (2015) EX0-16-008
5 |X—sep 2.7 fo! (2016) EX0-16-001
6 |X-zy 36 fb-' (2016) EXO-17-005
12.9 fb! (2016) + 3.3 fb! (2015) + 19.7 o' (Run 1) EXO-16-027

gty See Giorgia’s Talk EXO-16-015
e Full list of CMS Exotica results are available here
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https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
https://indico.cern.ch/event/466934/contributions/2588787/

1. W =Ly (L=e/y) =

EXO-15-006
. . . 2.3 fb (13 TeV)
* Searching for a highly energetic electron or R T
muon along with missing energy using 2.3 fo™'  *° =3
(2015) - — e
e Uses the discriminating variable: transverse
mass, Mr = vV2prEFss(1 — cos[Ap(pt, Fr's)])
* Dominant and irreducible background is W—=£v £ i | ==
2x10 3x10 10° 2x1|(5| (éxé({/)
. . - 2.3 fb“1(13 TeV)
* Pythia 8.2 MC generated at LO, LO=NNLO  § [ems™ "7 xom
mass-dependant K factor used (FEWZ 3.1) =ES

—— SSM W' M=3.6TeV |
—— SSM W' M=2.4TeV

10°

e pT>130 (53) GeV for electron (muon)

10!

10°

* Events with additional electrons (muons)
with pT> 35 (25) GeV are excluded

107!

Data/SM

2x10°  3x10? 10° 2x10°  3x10°
M; (GeV)
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https://arxiv.org/abs/1612.09274

1. W =Ly (L=e/y) =

EXO-15-006

* With no observed excess with respect to the SM,
lower [imits can be placed on the mass of the W’

+ m(W’ssm)>4.1 TeV

* Model independent ‘ ]
Cross section x
branching fraction limits
as a function of the lower
Mt threshold are also
produced

— q | | | | | |
m&ted limit

| | | | | | | | | | ?
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https://arxiv.org/abs/1612.09274

2. W —=Lv (L=1) =

2.3 fb~! (13 TeV)

tMS { Em{iss " mm Won | — wM=3Tev ]

10? | Prefiminar. y TTET B multjet —— W' M=1TeV |

3 tt Syst. uncer. ]
l Z/y —— Data

Events/(30 GeV)
b=

iy
o
—

14 10°
e Hadronic decays of the tau result in low
charged hadron multiplicity
- - = et 4
* [eptonically decaying taus cannot be R L e e

200 400 600 800 1000 1200 1400 1600

distinguished from W’'—2v (£=e/u) and are e

covered by that analysis SR,
i :ZOSSMW'LO N
* My is again used as a discriminator variable SUE -

D Expected + 2 o

e Similarly to W —=L2v (£=e/p) limits are produced _
in a model independent way

* mM(W'ssu)>3.3 TeV 1563 5500 2005 550 5300 5500 4000 4500 5000 5500

M,,[GeV]
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https://cds.cern.ch/record/2140976/files/EXO-16-006-pas.pdf

3. Z2"—0L (L=efy) =

EXO-16-031
 Aninclusive search for a new resonance using 13 fo (2016)

« The MC background is normalised to the Z peak
« The amount of jet background is estimated from data

« Muons are efficiently reconstructed, which leads to placing stronger
imits on production

» Electrons provide extremely good resolution at high pr which is
useful for discoveries

12.4 b7 (13 TeV) 13.0 fb" (13 TeV)
> T T T T T T T T T T | T > T T T T T T T T T T | T
8 10° ¢ Data CMS 8 10° ¢ Data CMS
E, 10% [ y*/Z — e* e Preliminary E 10* [ vz — w'u Preliminary
§ 108 I, tw, WW, WZ, ZZ, 1t § 107 I tw
L Jets L : WW, WZ, ZZ, tt, W+jets
o . o ]
10 10
1 1
107 10
1072 102
10°° 10° I I
1 0—4 Lo 1 1 1 1 1 | L 4 1 0-4 Lo L L L L L oo
80 100 200 300 1000 2000 3000 80100 200 300 1000 2000 3000
m(ee) [GeV] m(uu-) [GeV]
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https://cds.cern.ch/record/2205764/files/EXO-16-031-pas.pdf

3. 200 (L=efy) 'F

EXO-16-031

* Results are interpreted in the ratio of the signal cross section/Z
Cross section so we are insensitive to the uncertainty on the
luminosity

* The statistical analysis from the electron channel and muon
channel are combined in order to place stronger limits on the
lower bounds of the Z” mass

12.4 b (13 TeV, ee) + 13.0 fb™ (13 TeV, uuw)

II|IIII|IIII|IIII|IIII|IIII
Observed 95% CL limit

l T T T T
" CMS

Preliminary

* No significant deviations from the
SM

e Limiton m(Z’y)>3.5 TeV

 Limit on m(Z’ssy)>4.0 TeV

""" Expected 95% CL limit, median

[ Expected 95% CL limit, 1 5.d. =
[ ] Expected 95% CL limit, 2 s.d.,

— 7', (LOx1.3)

cen Z'g,, (LOX1.3)

h..
-~
-~
~

o(pp—=Z'+X—=11+X) | o(pp—=Z+X—=11+X)

- -
-
----- -
ag

1077

 [he limits are produced using only
the Z’ peak which allows for easy e N
. = . . 0 1000 1500 2000 2500 3000 3500 4000 4500
reinterpretation, such as within M [GeV]
Dark Matter models

QI[TTTI
o
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https://cds.cern.ch/record/2205764/files/EXO-16-031-pas.pdf

Nl -"%\

4.7'-00 (L=1) =

EXO-16-008
2.2 (13 TeV)
e Searching for a heavy resonance decaying into two S oFeMS 1T, | o
taus using 2.2 fo (2015) = oo ]
L 105 et 5
GC_) [ W+Jets =
) . . . 0 == !¥>(/1500)—>1:17 E
e Probing connections to the third generation : :
10
« Offline py cut of 35 (40) GeV for electrons (muons) and e
20 (60) GeV for 1, In 1,1}, (T,T,) channel o°F '
215 L
. ~ 1l 12 She
* Taus are required to be back to back Bositt ] E
0100 200 300 400 500 600 700 800 500
: : L m(t,, 7, B, ) [GeV]
e Mass value is reconstructed using taus and missing 2t (13 Te)
transverse momentum vector g T
: ; 10—CMS —— Observed =
m(71, 72, PE) = \/(En + Ery + EP)2 — (P + Py + P)2 ¥ \TeU [ Expected x1sd. -
N L 2N\ Expected =+ 2 s.d.
) olko
- o2 ;
* Also set limits on models in which the resonance N
preferentially decays to taus such as the topcolor- é _
assisted technicolor (TAT) el il
e Limit on m(Z'ggy)>2.1 TeV

o qo2be bl L N L N L]
Limit on m(Z'157)>1.7 TeV 500 1000 1500 2000 2500, 3000,
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https://link.springer.com/article/10.1007/JHEP02(2017)048

CMS

. X—el

EXO-16-001

* Searching for heavy resonances decaying into ey using
2.7 b (2016)

2.7 fb1 (13 TeV)
— : :

 Lepton Flavour Violation may occur in models " Tems ymE o mmw
. . . . . . . . 104 relimina iboson — n=1,M= e ]
including T sneutrino production in R-parity violating single Top. — RPV SUSY A=0.01,M=800 GeV
(RPV) supersymmetry (SUSY)

10° . DY Total Unc.

I Wijets+QCD —— Data

Events / GeV

 RPV SUSY also naturally generate non-zero
neutrino masses

* pr>35 (53) GeV for electron (muon)

* A minimum transverse momentum requirement of p;
> 50 GeV is also required online

Data/MC

* The electron and muon are not required to have o e e —
opposite charge (to avoid loss through charge mis-ID) M,, (GeV)
and My, > 200 GeV

 SM background from processes with two prompt leptons
as well as Wy is obtained from MC while W+Jets and
QCD multijet backgrounds are calculated using fake
rate studies in data
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https://cds.cern.ch/record/2149046/files/EXO-16-001-pas.pdf
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« m(X)>1.0,2.7, 3.3 TeV for RPV couplings A,=A,=A"7,=0.01,0.1, 0.2
e Also interpreted in non-resonant QBH (not shown here)
e |In narrow width approximation the oxBR scales with the RPV coupling

e Using this information and observed bounds, limit contours in the
(M(V;),A7.) plane can be produced as a function of a fixed value of A=A,

2.7 b7 (13 TeV)
2.71b" (13 TeV) 5 f o ) f
—~ 10%E -, - T
e 10°E observed limit < CMS | '
) - _q : : i :
— -\ ~ | median expected limit 10
5" _ [ ] 68% expected
P40 [ ] 95% expected
l}p RPV signal (NLO)
~ - )‘;11=7‘132=7‘231=0'01
% - )‘|311=}‘132=7‘231=()"|
2 Mgy =My gy =My =0.2
_OX 10 311132~ 231 10—2
g_bp CMS
© Preliminary - - - -
ol — = 95% CL limit A,3,=A,,=0.07 |
= AN N IR 95% CL limit A,5,=h,4=0.05 |.
: — — 95% CL limit A,5,=A,,, =0.01
— Y I S e )
g b BN b b LN L e 1077 i 95% CL limit A,5,=),4=0.007 |1
500 1000 1500 2000 2500 3000 3500 4000 I B—— - : : : a.
M. (GeV) T —
Vo 500 1000 1500 2000 2500 3000

M. (GeV)
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https://cds.cern.ch/record/2149046/files/EXO-16-001-pas.pdf

6. X—=Zy g

EXO-17-005

35.9 b (13 TeV)

- cMsS

e Searching for a high mass resonance decayingtoa”/z
boson and a photon using 36 fo (2016)

e Data: e‘ey
— Fit
Uncertainty

o
O] : Preliminary
o

¥2/ndf = 0.51

« Sensitive to spin-1 resonances

 The search is performed in both the leptonic and
hadronic decay channels (where hadronic decays
dominate sensitivity above 2 TeV)

500 1000 1500 2000 2500
M,, (GeV)

* Leading electron (muon) should have pT > 65 (52) GeV, _1
subleading electron (muon) pT > 10 (10) GeV T SO (13Tew

e Data: u*uy

— Fit
Uncertainty

 All jets are required to have pT > 200 GeV and |n| < 2.0

¥2/ndf =1.05

* The photon is required to satisfy pT > 65 (40) GeV in
dielectron (dimuon) channels

e [eptonic channels are dominant at low mass

: 500 1000 1500 2000 2500
M, (GeV)
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https://cds.cern.ch/record/2264692/files/EXO-17-005-pas.pdf

0. XLy

CMS

EXO-17-005

 The leptonic and hadronic channels are combined
during the statistical analysis

e Limits are set on both narrow spin-0 resonances and
wide spin-0 resonances up to m(X) > 4 TeV

Y
o
[¢S)

102

—_
o

—

95% CL UL on o x BR(X—Zy) (fb)

—h
Q

35.9 fb™ (13 TeV)

CMS

Expected + 1 s.d
Expected + 2 s.d

Y
~
~
S
~

~
ST,

400

1000 2000

3000

—_
o
N

—k
o

95% CL UL on o x BR(X—Zy) (fb)

35.9 fb™ (13 TeV)

. CMS

w = 0.014% W = 5.6% |
. Preliminary — Observed i 10° Preliminary — Observed
e Expected | Expected

Expected + 1 s.d
Expected + 2 s.d

~.
~
~
~e
.~
~

-
o -
----------

400

1000

2000 3000

Resonance Mass (GeV) Resonance Mass (GeV)
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https://cds.cern.ch/record/2264692/files/EXO-17-005-pas.pdf

7. X—=Vy 0

EXO-16-027

12.9fb" (13 TeV)

¢ Data
EBEB —— Fit model
e =1 s.d.

e Search for resonant produchon of photon pa|rs using
129" (2016) + 3.3 fo” (2015) + 19.7 fo (Run )

Events / 20 GeV

* A very clean state without additional activity in the
direction of the two photons

+ Three values of the relative width I'y/my are used as Febudial ol mmw
benchmarks: 1.4x10™", 1.4x10™°, and 5.6x10""; with P °%WWM
O-5<mX<4-5 TeV -t ;60 : 1000 1500 2000

m,, (GeV)
 Photons are required to have pT > 75 GeV > T Nl
© F EBEE — Fit model
§102§— f 2

« Events are categorised depending on the location of £ sesd

the two photons i 1og
n ey

e Afitis performed to the invariant mass spectra to - CMs _
determine the compatibility of the data with the 2;"}' T """ e T
background-only and the signal+background £ M%Mww
hypOtheseS =t 500 = 1000 1500 2000
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http://www.sciencedirect.com/science/article/pii/S0370269317300345

10"

107

10"

107

1073

104

XYY

CMS

EXO-16-027

« Compatibility of the observation with the background-only hypothesis is evaluated
by computing the background-only p-value

e Lower limits on the mass of the RS graviton are set as:

« m(RS¢)>3.85 (4.45) TeV for k=0.1 (0.2)

« m(RS;)>1.95 TeV except for 1.75 < m(RS;) < 1.85 TeV for k=0.01

16.2 fo! (13 TeV) +19.7 fo™ (8 TeV)

: <
B 10t 1o
? 20
s FX " 102k
- 7, = 1:4x10%, J=0
- — Combined 10% 34
B -- 13TeV(16.2fb™)
-CmMs 8TeV(19.7fb™) 700750 800
L L ‘ (G
5x10? 10° 2x10°  3x10°
m, (GeV)

16.g_fb'1 (13 TeV) + 19.7 b (8 TeV)

20
I'x -2 10
T =5.6x102, J=0
— Combined 10°F 34
---13TeV(16.2fb™)
-CmMs 8TeV(19.71b™) 70070800
) ) ) ) ) | ) ) my (Gey)
5x10? 10° 2x10°  3x10°
my (GeV)
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o
Q

16.2fb" (183 TeV) + 19.7 b (8 TeV)
T ThH TV

AR
- “‘J:'"" 1o 10
101 =
E gt <
S 10 1 o)
102k = 4
% r 107 20 =
F’; =1.4x10%, J=2 Sa]
1035 — Combined w0l 5 o E
-- 13TeV(16.2fb™) ® o
cms 8TeV(19.7fb™) 10756 750 . (Gzé/(; o 10
104 ‘ — ‘ — c
5x10? 10° 2x10°  3x10° o
m,, (GeV) =
E 1
16.2 fb" (13 TeV) + 19.7 b (8 TeV) =
\ '.'- )M _l
10 O
10" & S
N L0
o 107 1 S
102 10
E FX ” 10 20
- i = 5.6x102, J=2 ]
10° & — Combined 10°F 5 30
- ---13TeV(16.2fb™)
-CMs 8TeV(19.7ib™) 700750 800
10_4 ) ) L ) ) my (Gey)
5x10? 10° 2x10°  3x10°
m, (GeV)

16.2 fb" (13 TeV) + 19.7 b (8 TeV

N~

-

-
~ -~

..
~

2o Grg™VY, k=0.01 (LO)

= = = J=0 expected = 1 s.d.
‘N, — J=0 observed
‘N, 7/7/7 J=2 expected = 1 s.d.

— J=2 observed

------

Iy
my

=1.4x107?

- = Gpg—vY, k=01 (LO)

5x10° 10° 2x10°  3x10°
m,, (GeV)
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http://www.sciencedirect.com/science/article/pii/S0370269317300345

CMS

summary

* A summary of several analysis from CMS searching
for new resonances with leptonic/photonic final
states was presented using data collected up to
and including 2016

No excesses above the Hm
1wty rcen) [
OUGGIGUI SsM 33
Rl SsM () 40(35)
DERTATIMN ssw (rar)  2.1(1.7
ST RPv sUSY  1.0-33
ESCI ser0 40
RSc 1.95-4.45*

*Entire mass range not ruled out

SM have been observed
and lower limits have be
placed on the mass of
resonances from various
theoretical models
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