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Recent Beyond Standard Model Results from CMS

CMS Public Physics Results:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Qutline:

e Heavy Resonances (extended gauge models, extra dimensions)

— dileptons, dijets, diphotons, t¢, dibosons, etc.
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Dimuon Mass Spectrum

Dimuon mass distribution from several trigger paths
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Excellent performance of the CMS detector
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Models Beyond Standard Model for Dilepton Production

Extra gauge bosons appear naturally in various extensions of Standard Model:

e Is models: 7, Z,, 7, arise in different ways of breaking Es symmetry group

Implemented in Pythia according to J. Rosner, Phys.Rev. D35 (1987) 2244
Eg — SO(10) x U(1)y; SO(10) — SU(5) x U(1)y; Qz = Qysin(bs) + @y cos(bs)

e SSM (Sequential Standard Model) or “reference” model —
The same coupling constants for Z’ as for the SM

e Heavy graviton resonances are predicted by RS1 (Randall-Sundrum) model of TeV-scale
gravity with one additional warped extra dimension:
coupling constant ¢ = k/Mp,

Non-resonant models such as ADD and Contact interactions:

e ADD (Arkani-Hamed-Dimopoulos-Dvali) model — large flat extra dimensions,
Ngp = 2 — 7, string scale M,

e Contact interactions model comes from idea of quark and lepton compositeness.

. . . . 7T -
Conventional benchmark — 4-fermion interaction model £ ~ —— (q7"qr)(IL7y,ulL)-
A — the energy scale parameter for the contact interaction.

There exist also other models in which heavy dileptons appear.
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Dimuon, M = 1.824 TeV

CMS Experiment at LHC, CERN

Data recorded: Sun Jul 22 06: 02 46 2012 GMT-4
Run/Event: 199409 / 67699006
Lumi section: 553

CMS Experiment at LHC, CERN
Dbt rocorded: Sun Ju 22 06:02:46 2012 GNIT-
Run/Event: |99409/61w9w60

&(.....

At /s =8TeV [Ldtw 20 b

=
]
[

CMS Experiment at LHC, CERN
Data recorded: Sun Jul 22 06:02:46 2012 GMT-4
Run/Event: 199409 / 676990060
Lumi section: 551

Dielectron, M

CMS Experiment at LHC, CERN
Data recorded: Sun Jul 15 03:34:01 2012 CEST

1.776 TeV

CMS Experiment at LHC, CERN
 recorded: Sun Jul 15 03:34:01 2012 CEST

Run/Event: 198969 / 1188478742
Lumi section: 1021 Run/Event: 198969 / 1188478742

Lumi section: 1021
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Experiment at LHC, CERN
Data recorded: Sun Jul 15 03:34:01 2012 CEST
Run/Event: 198969 / 1188478742
Lumi secti
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Search for Narrow Heavy Resonances in Dilepton Spectra (EX0-12-061)
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Search for Narrow Heavy Resonances in Dilepton Spectra (EX0-12-061)
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CMS limits are more restrictive than those previously obtained
with similar direct searches by the Tevatron experiments
or indirect searches by LEP-II experiments.
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Generalizing to Other Z’ — I7l~ Models — Plot c,—cq4

: n|
CMS, [Ldt=5.0/53fb™ ee Vs =7TeV , _
1 I . 7' cross section can be expressed in terms of
c10 [ :
© ;gégg gg quantity [c,w, + cqwy] (Phys. Rev. D83 (2011) 075012):
12900 GeV 7/ s 9 9
2800 GeV T [cuwy (s, M7,) + cqwa(s, Mz.))
2700 GeV
1072 %ggg gex Cu, Cq contain information from the model-dependent
% . . . . . .
12400 GeV couplings to fermions in the annihilation of
2300 Gev charge 2/3 and -1/3 quarks, respectively.
2100 GeV - .
32000 va w,, wg contain information about PDFs
10 ?\{ .y . . .
£1900 GeV for the annihilation at a given mass.
[Mixing angfes <
,:Eﬂ%g)ﬂ Zig\ 1s a special case of generalized
S E?JZ?V)Z) sequential standard models (GSM),
10 ——— “““‘_3 > “‘_1 Z{p is one of the Fg models,
10 10 10 10

Cy generalized L-R models can also be included.
Plot show iso-contours of cross section with constant ¢, 4+ (wq/wy)cq.

Changing this combination (or [ Ldt) by 1 order of magnitude
moves the mass limits by ~ 500 GeV.

CMS Collaboration, Phys. Lett. B714 (2012) 158 — for 5fb™! at /s = 7TeV
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Search for RS1 model in Dilepton Mass Spectrum
(Phys. Lett. B720 (2013) 63)
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The measured dilepton mass spectra are consistent with predictions from SM.
An RS1 graviton with coupling constant ¢ = 0.10 is excluded below 2.39 TeV.
An RS1 graviton with coupling constant ¢ = 0.05 is excluded below 2.03 TeV.

For search in diphoton mass spectrum (Phys. Rev. Lett. 108 (2012) 111801)

An RS1 graviton with coupling constant ¢ = 0.10 is excluded below 1.84 TeV. See

talk by
For ADD model, values of the model parameter Mg up to 4.94 TeV .
are excluded at 95% C.L. (EXO-12-027, EXO-12-031) M. Savina

An RS1 graviton with coupling constant ¢ = 0.05 is excluded below 1.50 TeV.
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Contact interactions (Phys.Rev.D 87 (2013) 032001)
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Conventional benchmark for CI

in the dilepton channel:
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Search for Narrow Resonances using Dijet Mass Spectrum (PAS EXO0-12-059)

at LHC, GERN

d: Fri Oct 5 12:29:33 2012 CEST
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Lower limits on the masses of
different types of

exotic resonances are set

in the range 1.2-5.1 TeV.

Many of them extend
the previous exclusions
from the dijet mass search.
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Resonance Mass (GeV)

Model Final State Obs. Mass Excl. Exp. Mass Excl.
[TeV] [TeV]
String Resonance (S) qg [1.20,5.08] [1.20,5.00]
Excited Quark (q*) qg [1.20,3.50] [1.20,3.75]
E¢ Diquark (D) qq [1.20,4.75] [1.20,4.50]
Axigluon (A)/Coloron (C) qq [1.20,3.60] + [3.90,4.08] [1.20,3.87]
Color Octet Scalar (s8) g8 [1.20,2.79] [1.20,2.74]
W’ Boson (W) qq [1.20,2.29] [1.20,2.28]
Z’ Boson (Z) qq [1.20,1.68] [1.20,1.87]
RS Graviton (G) qq+gg [1.20,1.58] [1.20,1.43]
JHEP 01 (2013) 013
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Search for tt resonances (arxiv:1309.2030, accepted to Phys.Rev.Lett.)

Semileptonic Top decays |+ > 2 jets

CcCMS, 19 7 fb™t, \F =8 Tev

Full hadronic Top decays
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95% C.L. lower limits on the masses of new particles in specific models:
Model Observed Limit | Expected Limit | Non-resonant BSM o (tt) < 0.2 x SM o (tt)
7' Tz /Mg = 1.2%) 2.1 TeV 2.1 TeV at the 95% C.L. (for M,z > 1 TeV)
2" Lz [Mz = 10%) 2.7 TeV 2.6 TeV These exclusion limits represent
RS KK gluon 2.5 TeV 2.4 TeV significant improvements
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Search for 2nd-generation scalar leptoquarks (PAS EXO-12-042)

CMS Preliminary ~ {5=8TeV, 19.6 fb’*
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05k E
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where 3 = Br(LQ — [%q).
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Search for vector-like quarks (B2G-12-015, B2G-12-019, B2G-12-021)

Vector-like T’ quark (+2) Vector-like B’ quark (-1

CMS preliminary ~ {s=8 TeV 19.6 "
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—_ o r L 1
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Dalitz-like plots for Branchings to Final states:
T — bW, tZ, tH B'"—tW, bz, bH

Additional search for decay B' — bZ:

CMS preliminary {s=8TeV 19.6 fb™ CMS Preliminary {987 is=8Tev (mode: A dilepton decay + b—tagged jet).
BR(bW) BR(tW) .
1 ) so g Mass limit — 700 GeV at 95% C.L.
IsoD I750§ (assuming Br(b — bZ) = 1)
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.. . b /
This is the first search that considers all 3 final states. M(Hub) (Gevieh

The limits place the most stringent constraints on the existence of such quarks to date
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Search for Baryon Number Violation (BNV)
in Top Quark Decays (arXiv:1310.1618)
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e Strong Baryon Number Violation (BNV) effects predicted in many BSM models

e BNV is a necessary condition for the observed baryon asymmetry in the Universe
— A. JI. Caxapos, [Tucema 2K9T®, 5 (1967) 32

e BNV in top quark system suggested in Z. Dong et al., Phys. Rev. D85 (2012) 016006
BNV could be probed at quark level, with top flavor clearly identified

Signature: One ¢ quark having BNV decay (t — bépu™) ) B ~
One t quark having SM hadronic decay to 3 jets (t — W~ b — dub)

— Events with 1 isolated lepton (i or e) + at least 5 jets (at least one b tagged) + low MET

No significant excess of events over the expected yield from SM processes
— Upper limit of 0.0015 at 95% C.L. on branching of a hypothetical BNV decay t — [ + 2

The first results on a BNV process involving the top quark
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Exotica 95% CL Limits

Many other searches of Exotica at CMS has been performed.

Limits have been set. https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEX0
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Compositeness
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Summaries for Supersymmetry Limits

Direct stop searches Gluino pair production Limits for EWKino models
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https://twiki.cefn.ch/twiki/bin/view/CMSbublic/PhysicsResultsSﬁS
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Supersymmetry 95% CL Limits

Summary of CMS SUSY Results* in SMS framework SUSY 2013
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g -t - tx)
§ - qukt — Fv X))
gaqq&’ZZE”)
q HW>
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§ - b - &~ WE)

gluino production

Qi

squark

Projections 300-3000 fb~!:
CMS PAS FTR-13-014

stop
Lo

1

o

e

shottom

PRk’ E
?Q—vllvv??
L owzPE

2§:TE tgg Isp

CMS Preliminary

For decays with intermediate mass,
= xmh -(1-x)Imh

Mintermediate =~ mother

EWK gauginos

slepton
1
>

1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
o - 200 400 600 800 1000 1200 1400
*Observed limits, theory uncertainties not included Mass scales [GeV]

Only a selection of available mass limits

Many searches of Supersymmetry at CMS has been performed.

Limits have been set.
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsSUS
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Projections for Z’ — pp at /s = 14 TeV (ArXiv:1307.7135)

> L R L N AL B I T
= 10 2300 B N e B s e s e e e s I B s B LI s - & 10° - CMS Projection Preliminary, 300 b at\'s = 14 Tev 3;
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| - 10" é
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C ] m(p) [GeV]
- — o —0—0 _]
10—5 - Z’SSM (LO) — g’ 10° CM‘S Projecli‘on Prelim‘inary, 306 bt at‘\E: 14 'I"eV ‘ =
E —Z,(LO) 2 4 3 ¢ ViZ-w
- —Z,(0) 1 2, 3
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| D 10 Cizimesten) o
10° ) | | | | | = 20 4
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1000 2000 3000 4000 5000 6000 7000 . E
m(u'y) [Gevl .. 3
Projections for dimuons at /s = 14 TeV: 1
10° -
— / / 3
o at [ Ldt =300 fb~" — up to 4.6 5.2 TeV (Z, Zg)w E
_ 10° T T T T
e at f L dt = 3000 fb L up to 56*62 TeV 000 2000 3000 2000 oo Goco oo BOoO

m(u'p) [GeVv]
Other projections can be found in CMS White paper at Snowmass’2013
(arXiv:1307.7135). See also results reported at

ECFA HL LHC Experiments Workshop (in Aix-Les-Bains, Oct 1-3).

https://indico.cern.ch/conferenceDisplay.py?confId=252045
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Conclusions

e CMS detector performance is excellent,
new results are produced at very high rate.

e Many papers in Exotica at CMS — around 70, impossible to mention all.
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

e Impressive agreement of the data with the Standard Model.
Many searches for new physics have been performed, limits are set.

e New physics can hiding in very interesting final states that demonstrate

the capability of the detector. Past projections from CERN Courier, Dec. 2009
naisy  SUsvesT r
e CMS is well situated 100l “ One of
. é E compositeness@60TeV
to continue to probe nature > 100] s | these
for new physics models. g El = items
= 10 =] 3
% EI'iSMMHélB?eL % % a’t neXt
e Stay tuned... 2 ¢ are here © LHC
100-200 fb™1/yr 700 fb~!/yr o
O 1 " o ey run oe o
2010 2012 2014 2016 2018 2020 2022 2024 2026
first physics unin 2010: 200 pb'l@ 10Tev yea!
20
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CMS Detector

MS

A Compact Solenoidal Detector for LHC

S
A =
.-_._____'-:_-

Total weight
Overall dlameter :
Overall length © 21.60m
Magnetic field : 4 Tesla



Detector: Compact Muon Solenoid (CMS)

SILICON TRACEER
Pixels {100 x 150 pm?)
~1m?# 66M channels

Microstrips (50-100pum)

: ~210m* 9.6M channels
PE(?ES CRYSTAL ELECTROMAGNETIC
Iracker CALORIMETER SECAL)
EC AL 76k scintillating PbWO, crystals
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Stee' YO ke -~ Silicon strips
I?T_:,:;'f‘-_'i Lors i ~16m2 137k channels
LS /
A
STEEL RETURN YOKE
~13000 tonnes
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SOLENOID /
Niobium-titanium coil J
carrying ~18000 A v
,r'x ',/" } \ | S
/ W
- HADRON CALORIMETER (HCAL ,
Total WElght : 14000 tonnes Brass + plastic scintillator ( ; MUDHN CHAMBERS
Overall diameter :15.0m Barrel; 250 Drift Tube & 500 Resistive Plate Chambers
Overall length :28.7m Endcaps: 450 Cathode Strip & 400 Resistive Plate Chambers

Magnetic field :38T
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Statistics of Integrated Luminosity
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Peak luminosity 7.6 x 1033 cm =251

Data taking efficiency > 90%
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CMS Integrated Luminosity, pf’b, 2013, Vs = 5.02 TeV/nucleon
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Search for leptonic decays of W’ bosons (EX0-12-060)

W' — lv Lepton—MET system: My = /2 - ph - EM . (1 — cos Agy,)

Ratio data/MC

CMS Preliminary [Lozzom’ fs-sTey CMS Preliminary [Lotzzom’ (s-sTev CMS preliminary, 20 fb*, 2012, {s =8 TeV
r T ! T T T LY B . v M

— W' - ev M=2500 GeV . W->ev . QCD

W' . ev M=500 GeV
.tf+sing|e lopDW—>rv

—_—— W' _ g v M=2500 GeV lW~HV lQCD

Observed 95% CL limit
---------------------- Observed 95% CL limit W' - ev
— — — Observed 95% CL limit W' - pv
------- Expected 95% CL limit

.| I Expected 95% CL limit + 10
", [ Expected 95% CL limit+ 20

SR e SSM W' NNLO
103 ‘-‘ [ PDF ur_u:ertainty
(A [, W, with p = 10 TeV NNLO

e W With p = 0.05 TeV NNLO

ltf +single top DW - TV
— W' — p v M=500 GeV

o x B [fb]

I [
.DY ->TT .Diboson

[ |
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<
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[
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<
1
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vl P vl veond o vond cood ol vd 1l
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e = My, [GeV]

4
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Ratio data/MC

vttt 5t WH'H'H * - =
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SSM W' with M < 3.35TeV was excluded at 95% C.L.

These results are also interpreted in the framework of split universal extra dimensions
and exclusion limits on Kaluza Klein W% ;- states are set:

M
Witk

< 1.7 — 3.7 TeV for bulk mass parameter p = 0.05 — 10 TeV.

Another reinterpretation is performed in terms of compositeness,
which would manifest itself as a four-fermion contact interaction, setting a limit
on the new contact interaction scale A of 13.0 (10.9) TeV for the electron (muon) channel.
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Search for a heavy neutrino and right-handed W
of the left-right symmetric model (EXO0O-12-017)

CMS Preliminary 3.6 fbtat8 TeV
> T T T T Data (352)
8 c 7 tt (199)
o C Z+Jets (71) 2200 CMS Preliminary 5 O fb (7 TeV) + 3 6 fb™ (8 TeV)
o B Other (24) ';' Frm T = Observed
N I~ . My, = 1.8 TeV (72) Q 2000 MNu > MWR Expected
102 O, - ]
£ F 1800 -
St = 1600F =
w T B .
1400F -
1200F =
i 10007 : —
L / L
I 800; =
: 600 E
- I 400 %/ff?;/ //////// _:
O 2F B 77 ]
% 21 e 200 7 B
.‘(_U‘ E . N + N N E ’§§?§//é//l///l/// 1 1 1 1 1 1 1 1 I 1 1 1 1 I 1 :
o OO 500 1000 1500 2000 2500 1000 1500 2000 2500 3000

M, [GeV] My, [GeV]

No excess over expectations from standard model processes is observed.
Combining 7 + 8 TeV data and electron + muon channels,

We exclude the region in the two-dimensional parameter (My,, My,) space
that extends beyond My, = 2.9 TeV.
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Summary of Electroweak Physics Results

— | = ] : T ?
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Discovery of B, — puTu~ (Phys. Rev. Lett. 111 (2013) 101804)

’q>_;14§MS—L:5fb'1\(§:7TeV,L:20fb'1 \(i;sd:: SM prediCtS Br<BS N /’Llu) —
s L B 3.6 +0.3x 107"
5 M WS S
w .z g 8 At the EPS HEP conference
t J‘%, o in Stockholm CMS (and LHCD)
b W ;? af + reported results for B, — uu™.
& o \
Br(B, — up) = (80%49) x 107
P vt S ool il il L.
3975 81 52 53 54 55 Tss 57 w8 s9 (significance of 4.3 7).
20
Upper limit for By — putu~
Br(B 1.1 x107°
15 | MSSM-LL t(Bo — pp) < ] ¥ ]
T at the 95% C.L. is determined.
1
/F 10 F .
N These processes are sensitive
- ~0 — .
b Wil poE to search for BSM physics.
X 05
teufd Ty e HRIHC Both results are in agreement
sd) ——— . 0 : ‘ ‘ , 1 with the expectations from SM.
w-i’ 0 RSe 10 2 3 40 50

10° x BR(B, = ™)
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Discovery of Higgs
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Higgs-like boson has been discovered, My = 125.7 £ 0.3 + 0.3 GeV.,

Many its properties are studied, they resemble, up to now, the Standard model.

What's next?
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Search for Di-Boson Resonances (EX0-12-021, EX0O-12-022)
YA Www
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'\TI .......... Asympt. CLZ Expected + 20 — 1 E [ Expected, + 1o =
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No evidence for a signal is found. Me. [GeV] 800 1000 1200 1400 1600 1800 2000 2200 2400

My (GeV)

77: Signature: dilepton + recoiled jet with mass compatible with Z mass.

Additional information from jet substructure is used to reduce the background from SM.

Limits on a narrow-width bulk RS graviton model with & = 0.5 and mass smaller than 710 GV are excluded at 95
WW: Signature: one lepton + large MET + recoiled jet with mass compatible with Z mass

Upper limits are set on bulk graviton production cross section times branching ratio to WW in the range from

70 fb to 3 fb for resonance masses between 0.8 and 2.5 TeV, respectively.

WZ: SSM: My > 1.143 TeV (Phys. Rev. Lett. 109 (2012) 141801 at /s = 7 TeV
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Search for RS1 model in Diphoton Mass Spectrum
(Phys. Rev. Lett. 108 (2012) 111801)
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We observe no excess in diphoton production above the rate predicted from SM background.

We exclude at 95% CL resonant graviton production in the RS1 model .
with values of M; less than 0.86-1.84 TeV depending on the normalized coupling strength, £.
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For ADD models, values of the effective Planck scale Mg less than 2.3-3.8 TeV are excluded
at 95% C.L., depending on the number of extra dimensions ngp.
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Search for ADD in Dilepton Spectra (EX0-12-027, EX0O-12-031)
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Search for the effects of ADD — large extra dimensions in dilepton invariant mass spectrum
The SM expectation is found to be consistent with the measurement.

CMS set limits on the model parameter M, up to 4.94 TeV at 95% C.L. for uu + ee,
depending on the number of extra dimensions ngp.

The observed 95% C.L limits on ADD models significantly improve
the previous limits evaluated with 2011 data
and provide the best limits based on dilepton events to date.
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Search for Microscopic Black Holes (JHEP 07 (2013) 178)

Event:
\ Y Jets with Sp = 2.6 TeV

Microscopic Black Holes can manifest themselves
as multiparticle final state with large St = Er

The CMS analyses:

2010, 35 pb_]L at 7 TeV: Phys. Lett. B697 (2011) 434;

2011, 4.7 fb~1 at 7 TeV: JHEP 1204 (2012) 061;

2012, 3.7 fb~1 at 8 TeV: CMS-PAS-EXO-12- 009
#2013, 12 b1 at 8 TeV: JHEP 07 (2013) 178 = aerv 1303. 5338
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CMS set limits on the minimum Black Hole mass of 4.3—6.2 TeV.

The last analysis at /s = 8 TeV has a substantially increased sensitivity
compared to previous searches.
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Search for Monojet + MET (PAS EXO-12-048)

\ \ \
CMS Preliminary
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Scarch for events with an energetic

jet and MET.

Event yields for representative signal points from ADD,
dark matter and Unparticles after passing the full selection
criteria and various MET thresholds, corresponding to an

Limits are placed on ADD model
parameter Mp as a function

of number of extra dimensions 9.

Yet another interpretation: DM...

A.Lanyov

Overview of beyond the Standard Model results from CMS

integrated luminosity of 19.5 fb—1.

MET (GeV) — > 250 > 300 > 350 > 400 > 450 > 500 > 550
ADD LO Mp =3TeV,6=3 4496 2888 1885 1265 881 603 422
ADD LO Mp =4 TeV,§ =3 1071 685 454 310 210 150 108
DM A =850 GeV, ]WX =1 GeV 1774 1103 693 454 297 202 137
DM A =950 GeV, My =1 GeV 1137 707 444 291 190 129 88
Unparticles diy = 1.7, Ay = 2 TeV 4328 2220 1237 700 378 218 141
Unparticles dy = 1.7, Ay = 3 TeV 1859 905 478 247 158 103 60
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Search for Dark Matter — Monojet + MET (PAS EXO0-12-048)
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Scarch for events with an energetic jet and MET.

Event number is consistent with SM expectation.

Constraints on Dark matter-Nucleon scattering cross

sections determined for both spin-independent and

Also limits on the production of Unparticles.
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Search for Dark Matter — Monolepton + MET (PAS EXO0-13-004)
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Search for Heavy Stable Charged Particles (JHEP 07(2013) 122)

Detector Signatures: — Long time-of-flight (TOF) to the Muon detector 1/5 =1+ C—zf;

Or anomalously high (or low) energy deposition in the Inner tracker, Ij, = (
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Long-lived neutral particles decaying to dijets (PAS EXO0O-12-038)

dijets / bin
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Hr > 300 GeV.

No significant excess is observed above standard model expectations. .|

Upper limit is set with 95% C.L. on the production cross section of

a heavy scalar particle H? in the mass range 200—1000 GeV, 0w
decaying into a pair of long-lived neutral X° particles with mass range 50—350 GeV.
For X° mean proper lifetimes 0.1-200 cm the upper limits are typically 0.3—300 fb.

Additionally, the results are interpreted for a supersymmetric model containing long-lived
neutralinos that decay through an R-parity violating coupling into two quarks and a muon.

For a pair production of squarks that decay to long-lived neutralinos, we exclude squark masses
up to 1000 GeV for the neutralino mean lifetimes between 0.1—10 cm.
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