Searches for New Physics at CMS

Berkeley Workshop for
SUSY at the LHC
October 21, 2011

Eva Halkiadakis
Rutgers the State University of NJ

/"' JIGE
<N !u 72 \

For the CMS Collaboration s,




Chas,

Outline

¥ SUSY and Higgs results already covered
¥ | will cover OexoticO searches:

CMS Total Integrated Luminosity 2011 (Mar 14 09:00 - Oct 17 04:59 UTC)
T T T

- IHeavy Resonances R R S
- ldileptons, diphotons, T H— A— S A ~
dijets, trijets, I+MET, Wz, ttbar I T T ya
- I Non-Resonant Signatures A o o s o
- Imono-jet, mono-photon, black-holes | =~ |
- 14 Generation Quarks i I ; ; ;
_ Ibé, t® 14103 26104 08/0° 22107 03|o9Date 1610

¥ 20 new physics results this summer with 2011 data
- lImpossible to cover everything

¥ All CMS new physics results can be found at:
https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO
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Searches for Heavy Resonances

¥ Search for excesses in invariant mass spectra
- IBump hunt
- IGeneric, powerful and track record for discovery in the past
- IPredicted by several BSM models
with extended gauge symmetries ud s
- 170 and WO with SM-like couplings v1Z12Z
- IKaluza-Klein excitations from
RS model of extra dimensions U ds
- IE6 models

- ITechnicolor
-l
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Searches for Non-Resonant Signatures

¥ Searches non-resonant excess in kinematic
distributions and mass spectra

¥ Predicted by many Extra Dimension Models
- lUniversal Extra Dimensions (UED)
- IAll particles propagate the bulk
- lLarge Extra Dimensions:
e.g. ADD
- 10nly Graviton propagates the bulk 2 __ NN
- IWarped Extra Dimensions: M i M ° R

e.g. Randall-Sundrum
- IWarped geometry
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Dilepton Resonances
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Displays of Highest Mass Events

ee
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_ CMS PAS-EXO-11-019
Dilepton Resonances

: CMS preliminary,j Ldt = 1.1fb™
S04 | :

I
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ee+ufu
- --l -----

median expected
68% expected

| ¥ Published ~40 pb-1 result
B 95% expected

0.3%
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: Gy k/M,=0.05
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_ CMS PAS-EX0O-11-039
Dimuons

Search for non-resonant excess in M,

CMS preliminary Vs=7 TeV,J Ldt=1.18fb™

>k  mzr—m 1 ¥ Search for excess

g 4 % ft and Diboson :

Q10 Bl ADD,A;=26TeV 3 above 1.1 TeV

£17f S 1 ¥ Exclusion limits for ADD
10%E E

o g ; models for several

) parameters (2-3 TeV)
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(no k-factor) |5 g 3.1 2.6 2.3 2.1 2.0 TeV
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CMS PAS-EXO-11-038

Diphotons

Search for resonant and non-resonant diphoton production,

> T LI T T T LI LI T T T | LI | LI | T T T | LI >102 LI I LI I LI I LI I LI I LI I LI I L l_
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Search for excess above 0.8 TeV
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RS graviton o [pb]

Diphotons

—
Q

—
<Q
N

median expected
68% expected
95% expected
—— G k=0.10

— 95% CL limit

\
\ CMS Preliminary
N1 16" at 7 Tev

Lol

1

CMS PAS-EXO-11-038

Exclusion limits on RS gravitons
(800-1800 GeV) and several ADD
models (2.2-3.6 TeV)

Effective Planck scale (TeV) in ADD
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Dijet Resonances

High sensitivity to strongly produced new resonances
decaying to pairs of jets predicted in numerous models:
string phenomena, excited quarks, colorons, diquarks
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Dijet Resonances

—~~~ j'" I“I T 17T l"“l T T T T% T T TT I T TTT I T 17T I T
o] R ’ *, -..=.. String Resonance _ . .
- R N N N Excied cuan Mass limits up to 4 TeV
< 1 | BigueniColoron

= oo W -
C>D< - % RsGraviton ] Model Excluded Mass (TeV)
> - . _ Observed | Expected
S . - String Resonances 4.00 3.90
B 101l | Ee Diquarks 3.52 3.28
Q . ] Excited Quarks 2.49 2.68
a - CMS (1.0 fb") b i Axigluons/Colorons 2.47 2.66
n | \s=7TeV - W’ Bosons 1.51 1.40
O Il <2.5, |An| < 1.3 ]
@) 95% CL Upper Limit

102 = === Gluon-Gluon . E
- —e— Quark-Gluon O g ] 1 ) .
- Quacquark s T 1 fb* results published in:

1000 1500 2000 2500 3000 3500 4000 PLB 704, 123 (2011)

Resonance Mass (GeV)
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Trijet Resonances

¥ Model-independent search for:
-1 pp! X XY where X, X"l 3jets
- 1 6 jet final state

- ILarge QCD multijets background
M NEW Technique

- IMake use of kinematic features and
an ensemble of jet combinations

- IBuild triplets out of all final state jets
and calculate

- llnvariant mass Mjjj
- IScalar sum p #|p+|;;

- IPlot one vs. the other for each
combination (at least 20

combinations for each event)

Searches for New Physics at CMS

Mass(jjj)

correct triplets
lie along a horizontal
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Trijet Resonances

CMS Simulation
1200 —
: -~ | ¥ Search M;; 200-500 GeV
1000 L -;'-'//'/ .
] L ERTIN ¥ Interpretation:
< 800:_ i P -' = /250 GeV/c? Gluino Model '
E na = ... -:_ J -1’ 20 Triplet Combinations -1 RPV SUSY
= - = 10°
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-
-

¥ Hypothetical gluino signal .

for mass 250 GeV shOW/n,/

normalized to data ‘ .....
¥ No significant excess T IR rh
M.. (GeV/c?)

observed

il
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Trijet Resonances

¥ Exclusion for masses
200 < Mjjj < 280 GeV

¥ Largest excess seen at 390
GeV corresponding to 1.9"
(with Olook-elsewhere effectO)

¥ 1st search for 3-jet
resonances at the LHC

¥ Highest limits to date
¥ Published in PRL

- IPhys. Rev. Lett. 107,
101801 (2011)

95% CL Limit ! ! BR (pb)

" 102 |

500

450
Three Jet Mass [GeV/c ?]
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CMS PAS-EXO-11-024

Lepton+MET

Look for an excess in the transverse mass spectrum

H+MET e+MET
ROF T i B ] F0F T sy B3
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Mr = \/2 - ph - ERSS . (1 — cos Agy,)
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CMS PAS-EXO-11-024

Lepton+MET

¥ Published ~36 pb!

ECIMISFI’GF]II’ITIiII‘Ia;'y — 94% (I)berv;.d I.limitI Eklectrclm 11.03 Ifb’_fl re S u |tS
\J'_= 7T V _______________________ 95% Observed Limit Muon 1.13 fb™ | _
Ne=TTev e ] IPLB 698, 21 (2011)

__weewemes | - IPLB 701, 160 (2011)
1 ¥M~1 fb! update
B SN ¥ WO with SM-like

couplings is excluded
below 2.4 TeV

"BR(W' — & /1 +V) (pb)

‘3 | | 1 | 1 | | 1 | 1 | 1 | | | | 1
1 q 400 1600 1800 2000 2200 2400
W' mass (GeV)
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CMS PAS-EX0O-11-041
W/Z Resonances

Search for Gauge-Boson-like objects.
Predicted by many BSM models:

e.g. Extra dimensions, technicolor.
Search done in 3lepton+MET channel.

CMS Preliminary 2011 \'s 7 TeV , CMS Preliminary 2011 Ns=7TeV
> L B B | I LI B I LA I llllllll I L B . I T l LU B . | > 10_ Al v T l T Al T I Al T Al I T T Ll ' T Al T I T T T
8 Ldt=1.15 " 8 Ldt=1.15"
) -+ Data - EW+Jets o ¢ Data - EW+Jets
— | _AAY I = 10 mvv I
=~ WZ+Jets E]WZ—)’%IV : WZ+Jets E]WZ—)'%]V
‘é CIW' 600 E CIW' 600
5] 5]
- -
84 83 1
10"
102 j&
! Lol HHH‘LLFI R i P | [I ” I
0 100 200 300 400 500 600 700 800 0 200 400 600 800 1000 1200
Lepton Pt Sum: HT (GeV) My, (GeV)

H, (scalar sum of leptons) cut optimized for each mass point
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CMS PAS-EX0O-11-041
W/Z Resonances

Limits on WO andechnicolor production

~— 400
CMS Preliminary 2011 Ns=7TeV %
—_ L L | | |
o) ™
2 _[Ldu:l.lsrb' i o
m -1 — 350
o 101 W' Limit = 784 GeV_| E
o . £

IIlIllIIlIIIIIllII‘-l

. Ldt=1.15fb"

- g}g; . . CMS Preliminary 2011 ys =7 TeV
FCJ+1o . 20077 £4 95% C.L. limit —
(g il i ﬁ_ 7 () imit (exp) ]
10,3,T.(.5“'.'|..,.1,..,|.|..|..,.|....|. 95% C.L. limit (obs) |
300 400 500 600 700 800 900 15 _|||||||[|||||| ||[||||||||||||_
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WO SSM %, %

M(&c) = ! M( %) B 25GeM M(%¢) < M(&c) + My,
784 GeV 382 GeV 436 GeV
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CMS PAS-EXO-11-006
ttbar Resonances

Boosted All-Hadronic State

Jet3:

pt 47.8 GeV/c, CMS Preliminary, 490 pb'1 at\s =7 TeV
b-tag discriminan t 4.2 NO 20 - T T Tt T T LA e e By e B By O B B =
S E -
18 -
8 8 - mPATA =82.75+ 2.38 GeV -
0 16 E_ mi¢ =82.00+ 2.22 GeV _E
~ 14 -
2 HE MTop 7
S = EWJlets J
5 1°F [Jacp -
8 * Data -
pr484.3 GoVlc, - 6 oLy — Data fit -
mass = 68.8 GeV/c2 4 - -- MC fit I
Jet2 + 3: Mass = 167 -
p1580.1 Govia 5 : l mfi b, 5 ” E
3 subjets, - L I —
mass < 186.7 GeVic2, 0 20 40 60 80 100 120 140 160 180 200

inMass = 87.2 GeV/c2

Mass of W-Jet Candidate (GeV/c?)

Top decay products either partially or fully merged into one jet.
Top-tagging tools using jet substructure with Cambridge-Aachen R=0.8 jets.
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CMS PAS-EXO-11-055
ttbar Resonances

L =1.14/fb

event yield / 100 GeV/c®

soof CVS preliminary W GCD 11 Boosted Semi-leptonic State
E\*s=7TeV -W—*> Iv o ¥ A . t d ht

350 Oz = 1P mzy o 1 Again, top daughter
- QCD multijet I

00 %’m"s"%”ie‘;z’ﬁi | products are collimated

250 MUse u+#2jets + MET

2003—

¥ Kinematic variables used:

150f

: - IH1)ep: SCalar sum of muon p;
1001 and MET
50F
g B !Mttbar

500 1000 1500 2000 2500 3000

M,; [GeV/c?]
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CMS PAS-EXO-11-006
ttbar Resonances CMS PAS-EXO-11-055

Exclusion limits on SSM, KK and topcolor models

L=114fb"! CMS preliminary, vs =7 TeV

median expected limit

observed limit (95% C.L.)
central 1o expected limit
central 2o expected limit
Topcolor Z', 3.0% width, Harris et al. ||

CMS Preliminary, 886 pb™ at\s = 7 TeV
C Colmbill'led tlypel1+1 I& 14:2 o
Observed (95% CL)

— Expected (95% CL)
+ 1o Expected
[ £ 20 Expected
I KK Gluon, Agashe et al
----------- Topcolor Z', 3.0% width, Harris et al
----------- Topcolor Z', 1.2% width, Harris et al

—

o

)
T TTTTT
L1111

Upper Limit ., x BR(Z' — tt) (pb)

-
o

Topcolor Z', 1.2% width, Harris et al.

| |||||||
limit on o(pp —Z" —tt) [pb]

T T IIIIIII;

107

—"TIII|

L ! ).l‘.'.l ! . |.~"r | | | 1 Il Il Il .
15 2 25 3 107 ¢
tt Invariant Mass (TeV/c?)

2500 3000
M, [GeV/c*]

1000 1500 2000

Topcolor ZO

1.1 TeV 1.0<M<15TeV

850 < M,x<935 GeV
960 < M, < 1060 GeV
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CMS PAS-EXO-11-059

Mono-jet + MET

Search for excess in events with 1 jet + MET 8
Irreducible background from Z(invisible) + jets ° 1

CMS Prellmlnary
\F_7Tev 2 1fb1 :

L
o
0
o
o
o
B -
o
0
of .
of
o
o .
o
of
o
o .
o
0

O
.
e
Y

T~ T T TTITTT

[ rr [ rr 1 [ 111 [ 1 17 1T [ T T 171
| | I | |

11

ADD Mp [TeV/c?]
Kfactor | 6=2 6=3 6=4 6=5 6=6

300 400 500 600 700 800 LO:1.0 | 3.67 296 266 241 225
ET** [GeV] NLO:1.5 | 403 3.21
1.4 280 255 236
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g 10° :_CMS Prellmmary -~ ADDMp282 | 10 , ~ ~~~~ ADD 5 2.
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CMS PAS-EXO-11-058

Mono-photon + MET

_ _ CMS Preliminary >E =7TeV
Search for excess in events with 1 photon + METg .| =
Similar challenges as in mono-jet + MET 5
3]
CMS Preliminary s =7 TeV 3
> C | T T l T 17T I T 17T I T 1T ‘ T T | T T 177 (7))
o) - [P— SM + ADD (M_=1 TeV, n=2) | 810
(D 10 ?J Ldt=1.14 fb —e— DATA _é 5
; E B2 Total bkg uncertainty .
"E 1 Zy— vvy _:
(¢h) . W- ev 3 : -
L|>J e g':; ID‘; hoton (QCD) ] 10E ... n=4, Theory NLO ~ —— 95% CL Obs. Limit -
1 N Y H  —— n=4,Theory LO  -eerees 95% CL Exp. Limit -
10 Il BeamHalo 3 e n=6, Theory NLO ~ [ 1o Exp. Limit 3
- ; 3  —— n=6, Theory LO - [ +20 Exp. Limit
C ’ A A I S B
10_2 ........................................ - 1 1'2 1.4 1.6 1.8 2
- M; (TeV)
10° 2 Limits on ADD models for several parameters
1ot M;p (TeV) [no k-factor]
I | I | | I T | I ;

100 200 300 400 500 600 700
P (Gev) |1.30 1.07 112 116 1.21
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Highest Photon P+ Event

Et[GeV] —

CMS Experiment at LHC, CERN 2 - P
Data recorded: Sun Apr 24 22:57:52 2011 CDT b py 1 \
Run/Event: 163374 / 314736281 LT

Lumi section: 604

CMS Experiment at LHC, CERN

Data recorded: Sun Apr 24 22:57:52 2011 CDT
Run/Event: 163374 / 314736281

Lumi section: 604
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CMS PAS-EXO-11-071
Black Holes

BH production in ADD model (large flat extra spatial dimensions)
¥ Democratic and isotropic decay
¥ High S; events (total transverse energy)

¥ High total multiplicity (e.g. #4) Use N=2, 3 for background model.
> | T T T | T T T T | T T T T | T T T T | T T T T | T _]
O - N=6 d) ]
(D 104 = ® Data 3
o - Background ]
o N Uncertainty ]
- 103_ .......... My =1.5TeV, MI""=4.5TeV,n =6 _
~ S — M, =2.0 TeV, MB";:“ =4.0TeV,n=4 E
[ S P My =2.5TeV, MI""=3.5TeV, n =2 ]
= : ]
Q10%¢ E
LLl - .
10 g 3
1F .. 3
- CMS Preliminary -
4 \s=7TeV, 1.09 fb" _
EMS, éizzéél%zggag /;é’r‘g%gia%%% 38 2011 EDT 1 O § | | 1 | | | | 1 | | | 1 1 | 1 1 1 1 | 1 | 1 Il E
in/Event 2000 2500 3000 3500 4000

S (GeV)
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CMS PAS-EXO-11-071
Black Holes

Model-specific limits on minimum black
4 $ 5 TeV range for large variety of
model parameters

—~ T T T T T T I T T T T I T T T | -

— l: | T T | T T T | T T T | T T | T T | T T | T T :l Q : . . :

-8_ - Theoretical Cross Section - 3 B CMS Pre"mlnary d) i
~ ol Mp=25TeV,n=2 | < 1

o 100 MIioRvAe S (s =7 TeV, 1.09 fb :

E. Non-roﬁzting.?{%ﬁ\lf Ec;lzs E . g‘\ 1 E_ N=6 _E

— p=20TeV,n=4 | - .

10 S Mp=15TeV,n=6 3 Cl)'_ i — Observed ¢*° .

i . A L e Expected 0% i

1 2_ _g @ 10-1 C =

N 7 @) - ]

107F E i i

i ] 10-2 - —

10_2 | o | - . 4]

= CMS Preliminary e—"_ . E S - 2011, 1.09 b 3

" Vs =7TeV, 1.09 fb’ o ] R oo mrsrsrara B

1 0'3 I2 | L1 | | I | L1 1 | | I | R | | | - 2000 3000 4000 5000

5 3 35 4 45 5 55 min
Mg (TeV) S (GeV)
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Searches for 4 Generation Quarks
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_ CMS PAS-EXO-11-036
Heavy Bottom-like Quarks

Search for production of: b'b’ — tWtWT — bWTW bW~ W+
Signatures: 3-lepton and same-sign dileptons + # 1 bjet

5 CMS 2011 Preliminary 1.14 b CMS 2011 Preliminary 1.14 fb'
> 10"F ® data (I M, 400 GeV/c? = g ® data [ M, 400 GeV/c?
O mmi  (2) o . B W (2)
Q) i [ Single-top B W—lv Q) I Single-top B W—lv
@) B 71T [ diboson O, Bz [ diboson a
8 107 = same-sign dilepton E 8 10°E  trilepton E
@« - 1 € B 1
GC) 10 ' E QC) 10 I E
> F > |
T wr
1 E_ E 1 é_ \_i 3
10! 3 E 10! 3 E
= 1] s .|...|...|..T|.|.:
200 400 600 80010001200140016001800 200 400 600 80010001200140016001800
S; [GeV] S; [GeV]

S, > 500 GeV (scalar sum of jets, leptons and MET)
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_ CMS PAS-EXO-11-036
Heavy Bottom-like Quarks

Dilepton channel 1OCMS 2011 Preliminary 1.14 fo'\s =7 TeV
'E E L L D e e
Signal  Bkg = e et 10
(400GeV) o [ 5,‘.’,"57{('3,.’
22 44+14 5 ] -
| o) e e,
Trilepton channel B e TR
Signal Bkg 107F —
(400GeV) | Limit at 95% CL: M,, > 495 GeV/c’ N
6.7 0.16 £ 0.09 1 350 400 450 500 550

M, [GeV/c?]
bO excluded below 4955eV

Significant improvement over 2010 analysis
PLB 701, 204 (2011)
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_ CMS PAS-EXO-11-050
Heavy Top-like Quark CMS PAS-EXO-11-051

Search for production of: ¢ — pWTbW ™
In |+jets and dilepton channels

CMS preliminary 821 pb™ . __CMS simulation ~ - 2 - LA L L L I N [N Y L B B B
%‘1200'— jets %‘1200'— zjots S . CMS Preliminary e Dat ]
i : > at \s=7 TeV
o i o i O 1ozl 1-14fb"at \s=7Te _ _
._.1000:— _.10002— 10 = Events with ee/uy/ew .n (dileptonic) E
800 f 800F Rt - I:\ Other backgrounds E
8003— t 6005— i \:\ tT, M, =350 GeV/c® |
: =] dat : e 10 .
407" - cdata 400"~ - M production E Signal Region ]
200 400 600 800 200 400 600 800 f ]
my, [GeV] my, [GeV] - ;LL 1
s‘ CMS simulation = ;‘ CMS simulation - — - 3R 1 3
L u+jets L p+jets -
8 1200 - 8 1200:- n
1000} . ) - = 1000f
L = - L
T 800~ - -2 . % T 800[- 107 3
= T r S
600[ - _-"g T 600 - ]
400" - ) Wijets 400F t't 400 GeV , | | 1
200 400 600 800 200 400 600 800 10% 100 200 300 200 500
my, [GeV] my, [GeV] M5, (GeV/c?) for M_ > 170 GeV/c®

I+jets : Uses H; and reconstructed mass Dilepton : Uses M,, (two combinations
with smallest ' R(l,b))
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Heavy Top-like Quark

CMS PAS-EXO-11-050
CMS PAS-EXO-11-051

|+jets

CMS preliminary ~ CL: e+jets (573pb™), u+jets (821pb™)
T I T I T

c [pb]
w

95% expected
I 68% expected }
------=- median expected
—e&— 95% CL observed

. ok

400 450 500

M, [GeV]

o (pp — tt) pb

tO excluded below 450GeV

—_
o

T IIIIIIII

10"

dileptons

T T T T T T T T T T
CMS Preliminary 1.14 fb''\'s=7 TeV |

T

EREY NLO Theory

95% CL, Expected Limits

= 95% CL, Observed Limits
CL =10

B CL =20

o
o
u
J
a
.
~
ne.
o
]

T IIIIIIII

lll

s | s
400

M, (GeV/c?)

tO excluded below 42GeV
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_ _ CMS PAS-EXO-11-054
Inclusive Search for 4" Generation Quarks

Inclusive search for t% and b%
quarks, produced singly or in pairs

CMS Prellmlnary L=1.1fb" /s =7TeV

¥ Muon + jets channel S el T

L] - (5 E

- IClassify events according to: g ¢ ) E
& 180F > cat E

- INumber of hadronically 5 160 Egﬁéemp E

. = L B - t' pair (4 X _:

decaying WOs 140f T mge o ]

..... b’ pair (400) (x5)
—— b' single (400) (x5) E

- INumber of b-tags

- IDiscriminating variable H; s0f
distribution 60
- IScalar sum p; of muon, MET, :z
b-jets and W(j)) 0500 300 400 500 600 700 800 900

HT (GeV)
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CMS PAS-EXO-11-054

Inclusive Search for 4" Generation Quarks

¥ Assume a simplified

CMS Preliminary L=1.1fb" s =7TeV mOdeI Where to and bO
@ ST AR AR R massesaredegenerate
S expected limit 95% C.L. ; and
@ 5505 ________________________________________________________ . observed limit 95% C.L. -
Eb - i 1o : . ; Ve Vus Vi Vi 10 0 0
I Toxma | Vea Vo Vo Vw |_ [0 1 0 0
= 500 R S | Via Vis Vi Vi 00 \/Z v1i—A
£ Via Vis Vi Vi 00 VIZA VA
450 ¥ Limits a function mass
and parameter A.
a00f . ¥ For minimal off-diagonal
mlxmgl1 (A &1) between 3
35%"'\""' and 4 generatlons
3 0.4 0.5 0.6 0.7 0.8 0.9 1 Observed ma.SS I|m|t
> 490GeV
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As of PIC2011

C M S G ran d S u m m ary Thanks to S. Rahatlou

zOsSsm I
ZO 1
GKK Il k/M = 0.1
GKK™ k/M =0.1
GKK Il k/M = 0.05
GKK™ k/M = 0.05
WO#
WO dijet
WR, MNR < 1.0 TeV
wd wz
$TC

MbO, bO'  tW, I+jets

Heavy
Resonances

Ms, I , GRW, nED =2
Ms, "™ , GRW, nED = 2
Ms, I , GRW, nED =6
Ms, "™ , GRW, nED = 6
MD, monojet, nED = 2
MD, monojet, nED = 6
MD, mono- !, nED =2
MD, mono- !, nED =6

MBH, rotating, MD=3.5 TeV, nED = 2
MBH, non-rot, MD=1.5 TeV, nED = 6
String Ball M, MD=2.1, Ms=1.7, gs=0.4
String Resonances

MtO, tO  tZ (100%) ~ E6diquarks
Axigluon/Coloron
MtO, t3 bW (100%), I+jets 4th e
Generation q*, booste
e* # =2TeV

MtO, t& bw (100%), I+l

gluino, HSCP

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP

o

Heavy

Long-Lived

"x o =2TeV
C.I. # , dijet mass (3 pb-1)
C.I. # , $ analysis

LQ1, %:0.5 (2010)
LQ1, %1.0 (2010)

LQ2, %1.0 (2010)

E. Halkiadakis

Extra
Dimension
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Conclusions

¥ Rich program of searches for physics beyond the SM

¥ Many analyses performed with > 1 fb-1
- ILots more data in the can

M Advanced analysis techniques
M Stringent limits on many benchmark models

¥ No evidence of new physics yet
- IKeep looking until either we find something
- IThe exploration of Terascale physics has only just started!

https://twiki.cern.ch/twiki/bin/view/CMSPublic/
PhysicsResultsEXO
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