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https://indico.ihep.ac.cn/event/9587/

CM&letectorand CMS collaboration

one of two large generapurpose one of the largest scienceommunities
particle physicdetectors(CMS/ATLAS) 5400physicists, engineers, technicians,
built for the CERN LHC students and support staff
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CMS Ten Years Bfiysics. 2009- 2019
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The LHC has been pushing the limit

CMS Peak Luminosity Per Day, pp

Data included from 2010-03-30 11:22 to 2018-10-26 08:23 UTC
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CMS haseen keepingip with it: upgrades

U In order tokeep good physics performanc€MS has upgraded several subsystems:
V L1trigger upgradgWinter2016)
V Pixeldetector upgrade; new detector(Winter 2017)

Old "Phase-0"
detector




CMS haseen keepingip with it: upgrades

U In order tokeep good physics performanc€MS has upgraded several subsystems:
L1trigger upgrade (Winte2016)

Pixeldetector upgrade; new detector (Wintei2017)

Veryforward calorimeter electronicgWinter 2017)

Hadronendcap calorimeter electronig¢sVinter 2018)

Hadronbarrel calorimeter electronicgow)
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A lot of data and publications

CMS Integrated Luminosity, pp, Vs = 13 TeV

Data included from 2015-06-03 08:41 to 2018-10-26 08:23 UTC
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A lot of new results
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A selected list of physics topics

U | willnot be ableto showall new CMS analyses since FCPPL201darseille
V So this is a selection of what | believenigre interesting
V Personabias- apologize if not showing the analyses you are interestec

U Selected results on Higgshysics,Topand Electroweakphysics,B physics,
Searchedor physics Beyond the Standard Model (BSM)

U Full CMS results:




Higgs physics



Highlightsin Higgphysics

U LHC is a Higgs factory
V Astandard candleof SM, asll measured properties are consistent with a SMggs
V Couplings to 83generationwere established in the pasty@ars

V Someproduction and decay modestill to bemeasured
V Precision measurements Higgs mass, fiducial and total cresstion, differential cross

sectionswith Run 2 dataacross all discovery production and deoagydes

. : L - | Higgs | .0 : G
U More than 30Higgs analysepublic sincecCPPL20:. v
i Some Highlightesults in Higg€CMS along X

V Observation ofttH production

V Observationof HI'} t ; ’

V Observation ofHpb NP N
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V HHZZ with ~full Run2 dataset A



Observation ofttH

51'Fb 7Te\/ +197fb 8TeV +359'Fb ‘13TeV

ttH production provides direct ~

Rare process-{L%of total nggs

production)

combiningbb/WW/t #Z/g g
e[ ! { O2Yy FANNSR
observation Phys. Lett. B 784 (2018) 1J73

Evidencewvasfoundin the multi-

lepton@ 2 k k Lafihal states :

0 @ lebs.

AndEvidencas found ina single
channel (ttHOY g ,gt.1s obs)
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e 450 A. M. Sirunyan et a/. (CMS Collaboratlon)
4-2('5 Phys. Rev. Lett. 120, 231801 — Published 4 June 2018
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https://doi.org/10.1016/j.physletb.2018.07.035

U Thefirst observationof Higgsfermion Yukawa couplingn
LHC Run tvith ATLAS+CM&mbined(5.5 obs)
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Observation oft I‘lgb

U Largest branching fractio(~58%)but was difficult to
observe due to the large BG
U VH production most sensitiveinclusive H challenging
(high multijet backgrounds, use boosted topologies)
U Combined withtH, VBF andjgHproductionmodes

U Observed7+8+13Te\}. 5.6(5.55 obs.(exp.)

5.1fb" (7 TeV) + 18.9fb™' (8 TeV) + 77.2 fb" (13 TeV) <511 (7 TeV) + < 19.8 b (8 TeV) +< 77.2 fo" (13 TeV)
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Next stop: H—ppu

U 24 should be visible at HLHC
U cc Can only be measured at L

20% precisio
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http://dx.doi.org/10.1103/PhysRevLett.121.121801

U Higgs decays to Zi4sing data from

H 'HZZ with ~full Run2 dataset

20162018 ~98% of LHC Run 2

0 Higgs production & decay to ZZ

ALarge dataset allows now for
studies ofdifferential distributions

Overall signal strength uncertainty: 10%

CMS Preliminary

137.1 b (13 TeV)

|III|IIII|IIII|IIIIIIII|IIII|IIII|IIII|IIII
_ H—ZZ—-4l
ggH,bbH .
0.97:2%(stat ) ***(syst ) e m,, profiled
' ' - +0.11
inclusive 010
Earlier 77 tb-1resu
VBF o
0,647 (stat) =" %(syst.) =
VH |
1155 s (stat) 2" >(syst)
fiH,tH i
0135 5 (stat) ¥ Yisyst)

HgoH bbH (TH,H — =0.96"

P (T A T T R T
0051152253354455

U
0.11
—0.12 ”VBFVH -

It: 1.06+0-15 g 13

0.83+02

Events / 4GeV

CMS PreJmnaJy 2016 + 2017 + 2018

137.1 fb (13 TeV)

350

300

250

200

150

100

# Data
[1H(125)
Cag—2Z, Zy*
B g9—+ZZ, Zy*
B Z+X

(=) I|\ll\lllllllll\I||II|I||II||I\|I

200

300 0

m,, (GeV)
51 b (7 TeV), 19.7 fo™ (8 TeV), 137.1 fb' (13 TeV)

_|| TT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TTTT | TT II_
6 cMS .
C { Data (stat. @sys. unc) ]
S L Systematic uncertainty ]
[ smmmss Standard model i
4:_ LHG HXSWG YR4, m, =125.09 GeV E
3 \%&\\ E
- = .
2 -
L ey 1

— \\_\Qé\ S\ﬁ —
= et ~
- pp - (H—-4l)+X -
0_ ]
e Lo b b bve b b by bevaa e d

6 7 8 9 10 11 12 13 14

/s (TeV)

Gﬁa'

CMSPASSMR19-001

= 2.7310-23(stat.) 024 (syst.) b

—0.22 0.19

osm=2.76 £ 0.14 fb

Good agreement
with SM predictions

CMS Preliminary
| T T 1 T | T I 1 T I T T i

b, [ ] XH=VBF+VH +ttH (PFOWHEG)
!

137.1 b (13 TeV)

T | T T T T | T T T I i
} Data (stat. @ sys. unc.) .
Systematic uncertainty E

gg—H (NNLOPS) + XH
Gz gosH (POWHEG) + XH

(LHC HXSWG YR4, m =1 25.09 GeV)

n(p_r{H) =200 GeV)
|

L
i 50

S
Q 1F
(-2 F
0
T 10'F
I =
S
o 10°F
E _
O
b»— 10—3
©
—4
0107,
9 12
=z 1
Z o8
: o
® 02
C o

50 100

o

200

1(5H ) (GeV)

150



Topphysics,



Precision tophysics : rare processes

Most abundant production
The LHC world @13TeV mechanism of top quarks

o~ 830 pb L FLN

Copiously produced via
t- and tW-channels

/ Otch = 220 pb, Ow.ch = 70 pb,

Osch = 10 pb

Rare processes

ouw = 0.6 pb, 0wz = 0.8 pb, ow = 0.2 pb,
OtH ~ 0.5 pb, Otzq = 1 pb, Otyq = 3 pb,
OtHq =~ 0.07 pb, oww = 0.02 pb,

Owbb =~ 4 pb , Om =~ 0.01 pb

Probability of observation

Rare CKM-suppressed decays

----------------- 3
Vts(ld] ‘——‘"— P<10-

cI.FV FCNC* BNV
""""" '.‘ Not reachable at the LHC

Prene < 1012 -
FromKirill Skovpenr Moriond EW 2019 Process type Peny < 10-27

Popy < 10-55 ﬁ L




Study ofttV production

o CMS Prehmmary

+ Data
Xy

U Sensitive teelectroweak coupling®f the topquark

U Importantbackground tatH

U ttW measured irdilepton S§35.9fb!, JHERS
(2018)011])

U ttZ extracted fromtrilepton and4-lepton (77.5b1)

o(ttW) = 0.777g7] (stat) g1
0.06 0.07
o(ttZ) = 1.00 T pe (stat) +0 o

Good agreementvith NLOpredictions

(syst) pb
(syst) pb

Differential cross section oftZ showsprecision
comparable to that of NLO calculations
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Observation otZq z

U Sensitiveo anomalousNWZtriple-gaugeandtZ " = B
couplings 2 ‘ w B
U Signal 3 isolated leptons and at least 2 je{scl. 1 bjet) %%
2-3jets, with 1 btagged o CMS 774 (183TeV)
>3 jets, with 1 ktagged S o =I}qu
>1 jetS ';; - [JNonprompte/ u |:|ZZHI
Z 100l X /X [ Xy |
g:t [ Multiboson Total unc.
2

U Improvedlepton identification (BDT)andoptimized
analysis strategyeads totZg observation

2-3 jets, 1 b-tagged |

Phys. Rev. Lett. 122,

19)

0r 132003 (2€

U First observation ofhis process :8.2(7.7) obs. (exp.)

15% precision

o(pp = tZq — t£+¢~q) = 111 + 13(stat) Ty' (syst) b

0
e, 1 5_|:|Stat unc. [ Total unc.
olpp = 124 = 1£7¢g) E I bbb b
SM(pp — tZq — thrf_q) p U'g E
+0.14 +0.11 +0.04 ® - ~0.5 0 0.5
= 11875 (stat) Lo (syst) Ly (theo) =) BDT outpu?



4-top production

U tttt : unobservedrery rare procesg . f npbpnim ¢
A Sensitive to top kawa coupling

. CMSPASTOR18-003

. . . v g
U Searchneventswith2zsamea A Ay 2 NJ X O ;|
AHighestsensitivitysearch at the LHC, using 137fb CMS Preliminary BDT (postfit) 137 fb~1 (13 TeV)
of data i
A Used to set limit on Yukawa coupling, yy(| < 1.7 -
@ 95% CL l
10!
Approaching sensitivity to 4op: .
obs.(exp.):2.6(2.7)s
1071
Measured cross section 12F @8-5.2 fb %Z_ T B ///JV

(SM: 12.Q, ;25fh)



Electroweakphysics



Electroweak physics

Blossomingpf higherprecisionmeasurementgandtheoretical predictions) with
LHCdata : 1)Vector bosons, plus (Hkgts, 2)Di (tri) bosons 3) Vector Boson
Fusion & scatterin

ep 2018 CMS Preliminary
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Multi-boson production

Backgrounds to Higgs and searches,
sensitive to higher-order corrections.
Tests of the the SM gauge structure.

e

New 13TeVresults in good agreement
with SM. Inclusive diboson cross section
measurementdominated bysystematic
uncertainties but we are nowncreasingly

sensitive torare Processes, trbosons andh:

vector boson scattering (VBS)

March 2019

CMS

Preliminary
T T T

/lcern.ch/go/pNj7

CMS measurements 7 TeV CMS measurement (stat,stat+sys) ——o—
vs. NNLO (o) theory 8 TeV CMS measurement (stat,stat+sys) e
13 TeV CMS measurement (stat,stat+sys) ++e——
vY = : 1.06 £0.01+£0.12 5.0 fb"
Wy, (NLO th.) | 1.16 £0.03 £0.13 5.0 fb
Zy, (NLO th.) —tor— 0.98 £0.01+0.05 5.0fb™
Zy, (NLO th.) —o—i 0.98 £0.01+£0.05 19.5fb™
WW+WZ = 1.01£0.13+0.14 4.91b"
WW H—+—o—+—— 1.07 £0.04 +0.09 4.91b"
WW e 1.00 £ 0.02 +0.08 19.4fb™
WW ——e 0.96 +0.05+0.08 2.3fb"
Wz H——o——+ 1.05+0.07 +0.06 4.9 fb™
Wz ——e—— 1.02 +0.04 +0.07 19.6 fb™
wz 0.96 +0.02 £+0.05 35.9fb"
Y4 0.97 £+0.13+0.07 4.9fb"
ZZ ———— 0.97 +0.06 +0.08 19.6 fb™
zz o 1.06 + 0.02 + 0.04 137 fb !
Al feSSU'tS at: 1 Production Cross Sejgtion Ratio: /| c :
. exp theo
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72 J#Aean signature and
backgroundto ¥ T /b
CMS 47 (1371b™") Preliminary

| 4% precision
CMS 47 7]

CMS 2/2v
ATLAS 4¢ (x1.016)

ATLAS 47+272v (x1.016)

MATRIX NNLO (qq+qg+dg)
NNPDF3.0, fixed u_= u_=m,
MCFM NLO+gg
NNPDF3.0, fixed i _= u_=m,

T [ T T T I T

N
o
T

O O m e X

—t
a1
T T T T

A S,=17.1

b
o
T T T

CMSPASSMP18001 o (op)

o 0.3(stat)-

[ a 0.4(ys) ]
i o 0.4¢heo.)
2 g 0.3(umi) ]
5 =
I | | pbl |
| 8 10 — 12 — 14
/s (TeV)

First 13TeVdibosoncross
section measurement with
full Run 2dataset (137 flo!)

VV production

WZ° i precision
measurement ofiducial and
differential cross section$o testz
higherorder effects. Sensitive to
new physics.

Trot(pp — WZ) = 48, 09+(1] gg (qtat)+8 fﬁ;

ents/bin

(theo) 337 (syst) + 1.39 (lumi)

arXiv:1901.03428

CMS

359" (13 TeV)

105 . e Data
— SM+AC cWWW
SM AC

leferentlal

1o4

10° &

pb

onnto(pp — WZ) = 49.98755 pb

_ Tot(pp = W'7)
G'tot(pp — W-2)

POWHEG + PYTHIA prediction of 1.4375-4°

Data/pred.

= 1.48 £ 0.06 (stat) &= 0.02 (syst) = 0.01 (theo),
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(@)
TTT
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M (WZ) [GeV]
Best limitsonanomaloustriple gauge couplingsaTG(

Parameter 95% CI (expected) [TeV™2] 95% CI (observed) [ TeV ]
cw/A? [—3.3,2.0] —4.1,1.1]

cwww / A2 (—1.8,1.9] [—2.0,2.1]

cp/ A2 (—130, 170 ~100,160] 24




WW/WZ/ZZ jj :
V one or twoKQ a

V two jets with large rapidity separation & high

massdijet system

V Setstringent limits onaQGCsand the VBF

production of singly and doubly charged Higgs
bosons

aQGUn WW/WZ/ZZ NBS

GVBF(Hi) x B(H'— W*Z) [fb]
2
I

E H—WZ—qqlv

1 L L L | L L L L | L L L L
1000 1500 2000

m(H) [GeV]

CMS Preliminary
—

3597 (13 TeV)
———

—_ T
g 1wl —— Observed _
P = ===== Median expected E
-Rg [ 68% expected |
g |:| 95% expected
7 _
i
&
m
x
'S
g
=]
1 L ., 1 ' L L L | L L L L
1000 1500 2000
m(H~) [GeV]

Oyge(H) * B(H— W*Z) [fb]

5 CMSPASSMPR18-006
| hddR)n idal Iydecayl ng W or Z 95% c.L. limits on the couplings of the quartic operat&@S1MO0, M1, M6, M7, TO, T1, and T2
Observed (WV) Expected (WV) Observed (ZV) Expected (ZV)  Observed Expected
(TeV _4) (TeV _4) (TeV _4) (TeV _4) (TeV _4) (TeV _4)
fso/A* [—2.6,2.7] [—4.0,4.0] [—37,37] [—29,29] [—2.6,2.7] [—4.0,4.0]
f51/A4 [—3.2,3.3] [—4.9,4.9] [—30,30] [—23,23] [—3.3,3.3] [4.9,4.9]
fmo/A* [—0.66,0.66] [—0.95,0.95] [~6.9,6.9] [-5.1,51]  [-0.66,0.66] [—0.95,0.95]
v/ A% [—1.9,2.0] [—2.8,2.8] [-21,21] [—15,15] [—1.9,2.0] [-2.8,2.8]
fme/A* [—1.3,1.3] [—1.9,1.9] [—14,14] [—10,10] [—1.3,1.3] [-1.9,1.9]
vz / A4 [—3.3,3.2] [—4.8,4.8] [—33,33] [—24,24] [-3.3,3.3]  [-4.8,4.8]
fTU/A4 [—0.11,0.10] [—0.16,0.15] [—1.3,1.3] [—0.95, 0.95] [-0.12,0.10] [—0.16,0.15]
fr1/A* [—0.11,0.12] [—0.17,0.17] [—1.4,1.4] [—0.98,0.99] [-0.11,0.12] [-0.17,0.17]
sz/A4 [—0.27,0.27] [—0.38,0.38] [—3.1,3.2] [—2.3,2.3] [-0.27,0.27] [—0.38,0.38]
CMS Freﬁ‘rmnary i . i 3?.9 ‘f‘b’1 (‘T 3 TEV) CMS ‘Preml'nmary . . 3f‘>.9 fll'.f1 (.13 TEV)
10° = I t Obst.arved = 10° = I __‘T Obs?wed _;
- 68% expe:ed ; -68% expec‘:ed E
|:| 95% expected b |:|95% expected 4

10

L HSWZ—qqll

L L | L L L L | L L
1000 1500

) limits onhigh
"™ mass @doubly)
charged Higg:s

35.9 b7 (13 Tev)

—— Observed i
------ Median expected T
[ 68% expected i
[] 95% expected

[T T(Hym(H) > 0.1

Tooe T as 2000 25
m(H") [GeV]



Triboson production : WWW

VVV productions arare processsensitive taew
physics(e.g. high mass scalars)

WWW produced throughrilinear andquartic couplings

Production mode includediggsmediated process

Search for WWW by CMS wiib fb!

W

Production through trilinear and quartic coupling

Higgsmediated process
W

!

q

W

W

W

W

=

o(pp—Wa) B(a—WW) [pb]

Firstanalysis of
photophobic
axion-like particle

same-sign 2a with at least 2 jets or o

0.60 (1.78)s obs. (exp.)

r(pp — WEWEWT) = 173432 = 0.3470%

Events

CMSPASSMR17-013

CMS Prehmmary

35 9 fb (13 TeV)

o
o

0.4

0.2

350300 350 400 450" 500 650 6(q
m, [GeV]

35¢ T T T T T T T T
30

25 :_ Dnon-prompt leptons @total uncertainty

20
15

1 10f
1 5

—173 —0.34

CMS Preliminary 35.9fb" (13 TeV)

- Dirreducible .charge misassignmeni + Data

- Dlosb‘three leptons Dy—nepton - - WWW (slacked}_;

L
L I

ete* efut pfpt : e'e® e'nt pfut 0 SFOS 1SFOS 2 SFOS
q— M;- m—l-— -<«+— M;-out —p -4— three Ieptcur‘.—pI

signal regions

Z Wy
< 26

Coupling
strength = 1/fa
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Observation of two excited," states and measurement
of the BC"'(ZS) mass Phys. Rev. Lett. 122, 132001 (2019

B,(2s)" ] .

H
| + j i
B.(23) [T 20 Me m - Cms : i t Data
o 2000~ | 143" i — Fit result
| L
| ! l L Vs=13TeV B. — J/y =" signal
1 - B! — Jiy K'
| | = + +
[ = 1500 B »Jly n*+X
} I . A m,° o = Comb. backg.
o B, 2 = L
| c -
Lo ’ , To} L
Lo 4 r -
—
o o 1000
o =
Lo 5 L
. y P p 92 i
I I 7 + o L L
o iy B (2S) » B T
I LA —
I | } /j{/{/’ The solid and dashed lines ¢ ¢ 500 B ]
! b /4 indicate the emission of :
B+ I } I _ /j// photons and pion pairs, respectively ) ) ) : ' '
1S — —7‘£’| kinematic requirements i : z
} /{} 55 Mev 1 1 1 L I 1 1 1 1 I L 1 1 1 I 1 1 :I 1 I 1 1 1 1 I L 1 1 1
B, = 6275 Ly 6 6.1 6.2 6.3 6.4 6.5

0
M * Vv

The B_(2S)* decays to the B_ ground state through the emission ET(W;()};(if) S%V1 Wy ) (GeV)
of two pions and a soft photon (around 55 MeV in rest frame) : c P ' + .

B(2S)* - B *m*m followedby B* —B Pr(Bo) > 15 Gev 7629:} 225 BC Candldates

e2) = B Weaby B = B Yiost B, decay length > 0.01 cm :
Since the photon is not detected, we end up seeing 6.2 <M(B ) < 6.35 GeV ~34 Mev Mass I’eSO| U'[IOI']
Cc

B.(2S)* — B_m" 1 plus “missing energy” Bc ™ prob(vitx) > 0.1

Same final state as pT(Tr2) > (0.8, pT(Tra) > 0.6 GeV

B(2S) — B mm 28



Observation of two excited," states and measurement

Of the BC+(2 S) mass (Cor?t Phys. Rev. Lett. 122, 132001 (201

~ CcMs $ Data Mass distribution fitted with Gaussian functions for the
sof. L=14310 — Fitresult peaks andh 3rd orderChebysheywolynomialfor the
- Is=13TeV ‘n T Signal
L HE(JW K+] Tt baCkg I’Ound
% 50 1 Comb. backg.
s ¢ - Mass resolution agrees with MC expectations MgV
© 401 B.(25)
> 305 Two-peak structure observed (wetksolved).
c U —
e NM =29.0a 1.5 (stat)a 0.7 (sys)) MeV

~ \\ ~ oy A hd

Localsignificances of two peakS EOS S R A

—
o
I | T

| Mass ofBq2S) measured to be:

6.7 6.8
M(B! m*z”) — M(B?) + mg. (GeV)

6o 70 71 \(B(2S)) = 6871.86 1.2 (stat)s 0.8

o
T

(sys) = 0.8(B.) MeV
First publication using théull Run2 dataset!

Result recently confirmed AyHCb
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https://arxiv.org/pdf/1904.00081.pdf

Higgs physicslopphysics,
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0 A lot ofSearchedrom SupersymmetryExoticaandBeyond v
2 Generations resonance$o heavy quarks andibosons - e e ——
gluinos squarks EWKgauginosheavyGauge bosonsHEXQ «-« o Bzéoz;n:;m:;%;:mf

Resonances to dibosons

W —1tb (Mehw)

leptoquarks vectorlike quarks, excited fermions, extra
dimensions, londived particles,dark matter,X

W = tb (Mabw) radion = HH (1)

Vector-like quark single production @

Z—-Tt W — WH 101

TowH = g __l
Hoo +U0W) 1 15 2 25 3 35 4 45 5 7= 2zH 131
T L Observed limit 95%CL (TeV) ®
er2s (M) Gouk — WW 20 b
T—tH ™ L
cun=1.5 &
Gy —~ZZ 30 1b
T H t=hag Leptoquarks ik f WD
=25 _— -
T—=1Z om=15 LO->top+mu W= VW HVT(B) DD
L] -
- W' — WH HVT(B) 40 fb
u N 0 d ISCovery SO fal‘ e o 1oy " .
B—bZ aets Z'—+ VHHVT(B) 18
LQ->bmu |
T—=bW cuw=ts -
0 0375 075 1125 1.5 radion — HH
Y=1H cm=i0
Observed limit 5% CL (TeV) 0 85 1 15 2 25 3
0 02505075 1 12515175 2 Observed limit 95%CL (TeV)
Observed limit 95%CL (TeV) “madekindepencent
Overview of CMS EXO results _
Selected CMS SUSY Results” - SMS Interpretation - Moriond 17
cms 36 b1 (13
ssuzun u. [1smomsz 2o s CMS long-lived particle searches, lifetime exclusions at 95% CL
y snrien i, 1806 00843 2 2
M - — PV BUBYT b 42000V r—
SsMWiad) . (1805 00843 2 a3 ;
8 | cnw (180712421 x4 £ N - 8TeV, 1.7 fo" (displaced leptons)
E LRSM Wl INeh, M, = 0,50y, M, (1803 11116 (22 + 25} ) E]
£ RSN, M =05, u, |1811.00806 24 2)) s H E— H == XX (10%), X —= ee. m(H) = 125 GeV, m(X) = 20 GeV _
e, Colron, 219 =1 . [1605.00843 2 & H 2T, 140" {dagimoed logora)
scalar LQ (pair prod.), coupling to 1" gen. fermions, 8 =1 M. |1811.01197 (2e+ 2j) 14t
scalar LQ (pair prod.), coupling to 1% gen. fermions, 8 =0.5  p,, [1811.01197 (2e+ 2j;e & 2j + E°) 127 - - - -
B o L b, colg 1o 2 gen. e 11 1 1608 05082 220 153 S . Hi=s 30X (105, X = jat. miH) =125 GV, m(X) = 20 GaV _
€ scalar LO (pair prod ), coupling to 7 gen. fermions, =05 ., [1808.05082 (2u+ 2j; w+ 2) + B 120 aTeV, 205 (displaced leptons)
& =calar LQ pairprod.), coupling to 3% gen fermions, B= 1, [1811.00805 (24 2j) 102
scalar LQ (single prod.). coup. to 3 gen.ferm. A=1.4=1 . [1806.03472 (274 b) o7 —— OMSB PS8, 7" -+ Gy, M) = 250 Gev
B cuciie g v o) g 1170t osmms e - 55 BTeV, 0.7 (dap. pholon comv.)
% excited bquark, f; . [1711.08652 ty + ) B 18 oy ]
i exciten alectron, o 181103052 ty + 28) I 39 GMS8 §PS8, 7, - G v, M) = 250 GeV
xcited muon, e i as B87eV, 19.1 " (disp. photon timing) -
& erk composteness adl. s s 1903 05030 2 zs
gg  compseress U, . i iz 104 a1 — APV SUSY, m(@) = 1000 GeV, m(z) = 150 GeV
etk compsiteness ad). e Km i ..
quark compositeness (U0, N a2 10003 211 E § . CMS Prelimi nan BTeV, 185" (displaced diets)
5000 HZ. 73 v, [1303 omms0 2 - -
400 (1 UVHLZ, o =3 o iz 2043 v, 20 o1 & = Vs =13TeV APV SUSY, (@ = 1000 GeV, m(3.) = 500 GV .
ADD Gox emission. n =2 n, 171202385 (= 15 + B as " = BTeV, 1851 (displaced djets)
& ADD QR i noms o 1803.08030 27 82 -
§ | sooosH e =s My [1802.01122 (o) 56 - L=3501" N
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£ i e 53
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% i w o _nue NERERERRERCT S ST : |
SpLUED, pz £ TeV. 1R 180311133 14 B3 20 . 8TeV, 186" (stopped particle)
" E
{axaHuector medator @) 3.=0.25.gon =17, =1 GV ., (12 02 (RATEERY e £ .
= i AMSB ¥, tan(p) = 5, u > 0, mi
m=1GeV . (10500843 20 i
5 A 1901 01553 10,10 =31 5B 020 & For decays with intermediate mass, 8TeV, 188" (racker + TOF)
H LG . [W0L01E3 0, s m3i+ETT) 03 é m, o = M H1xEm
8 e M, |20 e 1 P S T S S S PR | . .
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Selection of observed exclusion limits at 95% C L. (theory uncertainties are not included)



Resonance searches
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