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Outline

o Jets, W&Z, top
* Higgs
« SUSY

e Other searches
* (Prospects)

Related talks at this conference:

- Top quark physics, M. Gallinaro

- Measurements of the top-quark mass and production cross section at CMS, P. F. Silva

- Results on the Search for MSSM Neutral and Charged Higgs bosons (CMS), M. Tosi

- Searches for SM Higgs boson decaying into two photons, ZZ and two ts in CMS, M. Meneghelli
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8 TeV data in 2012 Sigi|

Until December 4:
e Delivered 23.1fb"
« Recorded 21.6fb" (94%)

« Certification ~ 90% of data delivered is used for physics

CMS Integrated Luminosity, pp, 2012, Vs = 8 TeV
Data included from 2012-04-04 22:37 to 2012-12-04 13:17 UTC
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Pileup in 2012

CMS Peak Luminosity Per Day, pp
Data included from 2012-04-04 22:37 to 2012-11-03 08:06 UTC
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25 2010, 7 TeV, max. 203.8 Hz/ub e« 2011, 7 TeV, max. 4.0 Hz/ub e« 2012, 8 TeV, max. 7.5 Hz/nb
< . P Peak: 37 pileup events
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Event from special high pu run:
78 reconstructed vertices and 2 muons...
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2011-12 Datasets: Jets, W&Z, top



Standard model: Jets, y*/Z
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Inclusive jet and dijets:

* NLO QCD describes data over ~9

orders of magnitude!

+ 1-2% JES.

» Constrains gluon PDF up to x=0.6
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Differential Drell-Yan cross section:
» 2.5M uu pairs tests NNLO cross
sections and PDFs



Vector boson pairs
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W, Z, WW, and ZZ cross sections at 8 TeV

(Special Low PU runs used for W,Z at 8 TeV)
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CMS-PAS-SMP-12-011 (W/Z 8 TeV)

CMS-PAS-EWK-11-010 (WZ)
CMS-PAS-SMP-12-005,
007,013, 014 (WW ZZ)

PLB701(2011)535

Measured o (ZZ)=8.4+1.3 pb
SM (NLO) o (Z2)=7.7 £ 0.4 pb

SMP-12-011
SMP-12-013
SMP-12-014

Measured o (WW) =69.9+7.0 pb
SM (NLO) o (WW) =57.3+2.0pb
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Limits on anomalous
ZZ27/Z7y couplings:

CMS Preliminary \'s =7 TeV, L = 5.0 fb”
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Silj]
Z— 4| decay EE =l
Observation Z— 4| decay > £ eI ma
. . (O] . o
9.7 o significance ~ F Mzzr—~4
2 i .Z+X
§ 10
et 7 TeV

« Standard candle
e H-ZZ— A4l
 10x more events
* Current statistics
+0.5% on m,, scale

120 140 160

m,,[GeV]
Final state channels de 4y 2e2yu 4/ arXiv:1210.3844
Irreducible background (pp — Zy* — 4/) 0.07 0.25 0.14 0.46 +0.05
Other (reducible) backgrounds 0.01 0.01 0.05 0.07 £0.1
Expected signal (pp — Z — 4/) 3.8 13.6 12.0
Total expected (simulation) 3.9 13.9 12.2
Observed events 2 14 12 (

Yield from fit to the observed mass distribution - 136 +3.8 11.5+3. 1\ 27.3+54
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Top quark mass in CMS

My, = 173.4 £ 0.4 (stat) £ 0.9 (syst) GeV

CMS Preliminary
CMS 2010 dilepton y o T/55+46+46
JHEP 07 (2011) (L=36 pb") (val. + stat. + syst.)
. e ]
CMS 2010 lepton+jets 1731+ 21+ 2.7
PAS-TOP-10-009 (L=36 pb™) (val. + stat. + syst.)
CMS 2011 dilepton —— 1725+04+1.5
arXiv:1209.2393 (L=5.0/fb) (val. + stat. + syst.)
CMS 2011 lepton+jets — 1735+£04+1.0
arXiv:1209.2319 (L=5.0/fb) (val. + stat. + syst.)
CMS 2011 all-jets * ® ’ 1735+0.7+£1.3
PAS-TOP-11-017 (L=3.54/ib) (val. + stat. + syst.)
CMS combination e 173.4+04+0.9
up to L=5.0/fb (val. + stat. + syst.)
Tevatron 2012 combination ‘T 1732+06+0.8
arXiv:1207.1069v2 up to 5.8/fb (val. £ stat. + syst.)
CMS combined result
I I I I I |
160 165 170 175 180 185

My, [GeV]

CMS PAS TOP-11-018
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Situation in early 2012

Very precise measurement of
M,y = 80.390 + 0.016 GeV,
driven mainly by the Tevatron.

Much of the SM Higgs
range had been ruled out
by 2011 LHC running.

Excess of events in the
low mass region seen in
ATLAS and CMS

DISCRETE 2012, CMS overview, J. Varela
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: O LEPEWWG (2011) 68% CL (excluding MW, mtop & direct Higgs exclusion)
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— @ 68% CL (by area) MW (2012), mtop
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%
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Exclusions of M;:

My, (GEV)

- LEP <114 GeV (arXiv:0602042v1)

— Tevatron [156,177] GeV ( arXiv:1107.5518)

- LHC [~127, 600] GeV arXiv:1202.1408 (ATLAS)
arXiv:1202.1488 (CMS)
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: g 1 b /1< —_Ww
5 decay modes exploited £ W
> 22
¢ bb, 171:, WW, ZZ, YY % 10-1 tt - )
om
 Low mass region is very I
rich but also very 102k -
challenging: -
main decay modes (bb, T7)
are hard to identify in the

huge background 300 500 1000

« Very good mass resolution
(1%). H->vyy and
H>ZZ->4l

DISCRETE 2012, CMS overview, J. Varela 13



Higgs expected sensitivity

CMS Preliminary ys=7TeV.L<51fb' \s=8TeV.L<12.2fb"
lllllllllllllllllllllllllllllllllll

..........................................
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Expected sensitivity at
126 GeV: 7.8 sigma

Local p-value

—
'
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= Combined
= H-bb
—H 1T
|| =—— H—7y
| = H— WW
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5
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Datasets F'.glll
Channel mu range data set Data used MH
[GeV/c?] [fb] CMS [fb] resolution
1) H-ryy 110-150 5+5/fb 2011+12 1-2%
2) H — tautau 110-145 S5+12/th 2011412 15%
3) H—bb 110-135 5+12/th 2011+12 10%

DISCRETE 2012, CMS overview, J. Varela 15
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Data recorded: 2012-May-13 20:08:14.621490 GMT

CMS Experiment at the LHC, CERN
Run/Event: 194108 / 564224000
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* No update since ICHEP
* Photon energy resolution is crucial

« Multi-Variate Analysis (MVA) for photon ID and event
classification

— Divide events into non-overlapping samples of varying S/B
based on properties of the reconstructed photons

 Two VBF categories:
— presence of di-jets in VBF process

DISCRETE 2012, CMS overview, J. Varela
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ECAL response and m,, resolution 7

EPS — Jul 2011

LP — Aug 2011

Moriond — Feb 201

2

ICHEP — Jul 2012

FWHM = 4.23 GeV —> 4.35 GeV —_— 3.29 GeV —_—> 3.18 GeV —)q)
:\T\ F reliminar O
0 1.2 4 smsion ] I AT U] B PRS- B B S e =
> b o 1.6F i > 6F 8 E — Parametric Model ®
[0} 1 0; —— Parametric Model éll C:geggries [0} . E —— Parametric Model All Cafegones (0] E —— Parametric Model Al Categories Combined 0 6; All Categories Combined| E
o 1-OF ombin o 1.4F Combined o 50 9 F i
g [ ou=240Gevic? 2 E - ou=245Gevict b} Gy = 182 GeVIc? o OF  Ca!70GeVe -
S osF o 1.2k S 4 - F (@)
E i FWHM = 4.23 GeV/c? _(\g 1-0; FWHM = 4.35 GeV/c® 4 E FWHM =329 GeVic® L ?@ 4? FWHM = 3.18 GeV/c® £ t
Y oaf Wosf o op weoor 7
0.2 04 1 1_ GLJ
0055 T T T O e 20 130 100 Ho 10 s 100 T0 720 T30 8
m,, (GeV/c?) m,, (GeV/c?) m,, (GeV/c?) m,, (GeV/c?)
&
. o/ <
7 TeV: 25% improvement over one year ke
Stable laser calibration: 3.7 GeV —
Automated 48-hour calibration loop. S
G T
o 1.03 T T T T T T T TT 0 10| — Parametric Model All Categories Combined
© CMS 2012 Prelfmlnary i —= with LM correction : Mean 1 o o
8 102 —8TeVL ..... 395fb ........... -. ..... ;#.Mthduttm.co.rie.c“b RMS 0.0019 H ; 8-— G,y =2.06 GeV
o 101 Mean 0.97 |3 = i
T RMS _ 0.0063 S e[ rwm=s7ew
©  1Ew ity e ]
= 4r 8
5 0.99 ] +
&) 0.98 & 1 0: Tp
0.97 ] 100 1o 120 130
0.96 ] m,, (GeV)
0.95 ]
0.94 A 1 [CMS-DP-2012-015]
i i i i i i i L1
0.93 12/04 19/04 26/04 03/05 10/05 17/05 24/05 31/05 07/06 0 50 100

DISCRETE 2012, CMS overview, J. Varela

date (day/month)

18



Expected yield for SM Higgs

Event SM Higgs boson expected signal (my = 125GeV) Background

categories Ooff FWHM/2.35 || Moy = 125GeV
Events | ggH VBF VH tH | (GeV) (GeV) (events/GeV)
T BDT0 32| 61% 17% 19% 3% | 1.21 1.14 33104
€ BDT 1 163 | 88% 6% 6% - | 1.26 1.08 37.5+1.3
15 BDT 2 215 92% 4% 4% -| 159 1.32 748+1.9
!%_, BDT 3 328 92% 4% 4% - | 247 2.07 193.6 +3.0
~ | Dijettag 29| 27% 72% 1% -| 173 1.37 1.7+0.2
_ BDT 0 6.1] 68% 12% 16% 4% | 138 1.23 74106
2 BDT 1 210 | 87% 6% 6% 1% | 153 1.31 547+1.5
2 BDT 2 302 | 92% 4% 4% -| 194 1.55 115.2+23
N BDT 3 400 92% 4% 4% -| 286 2.35 256.5+3.4
= | Dijet tight 26| 23% 77% - - | 206 1.57 1.3+0.2
“ | Dijetloose 30| 53% 45% 2% - | 195 1.48 3.7+0.4

DISCRETE 2012, CMS overview, J. Varela 19



Sum of mass distributions for each
event class, weighted by S/(S+B)

Events / 1.5 GeV

S/(S+B) Weighted
(@))
3

CMS (s=7TeV,L=51fb"'{s=8TeV,L=531f"
_I T | T T T T I T T T ]
% T T
0] Unweighted
L 01500
1500 %, ~
- 2
S
0 -
Li1000F
L

1000

o

H—yy mass spectrum and p-values

| d+1o
| +20

| ¢ Data
B S+B Fit
------ B Fit Component

B0 ]
my, (GeV) |

v by v b e by e by
110 120 130 140 150

m,, (GeV)

p-values

CMS (s=7TeV,L=51f"'{s=8TeV,L=531"
g g i
© ~
2k o
§10 = e
3 E PP 20
10-22_ R .~ M POk T
103;- v 30
= = Observed
R Y T Exp. for SM Higgs Boson
4
107 7 TeV Observed
= l4c
N \"4 8 TeV Observed
'5 L1111 | I T I | | L1 11 | [ TN TN N AN NN TN TN NN NN TN NN TN NN (NN NN TN SN SN NN NN SN NN
10110 115 120 125 130 135 140 145 150
my (GeV)

Significance based on local p-value: 4.10
Significance based on global p-value: 3.20 (110-150) GeV
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H—yy signal strength

!5?'1
1

-

ol ([

Best fit signal strength
consistent between
different classes

Combined best fit signal
strength (m,=125 GeV):
ology = 1.5610.43 x SM

DISCRETE 2012, CMS overview, J. Varela

Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged 0
Di-jet
Untagged 3
Untagged 2
Untagged 1

Untagged 0

7TeV

CMS preliminary
\s=7TeV,L=5.11b"
\s=8TeV,L=5.31fb"

- Event Class

7] Combined
my = 125.0 GeV

0/Ggyy = 1.56+0.43

4

-2

6 8 10
Best Fit o/o
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CMS Experiment at the LHC, CERN :
Data recorded: 2012-May-27 23:35:47.271830 GMT
Run/Event: 195099 / 137440354 \
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=" o
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« Background models:

H — ZZ") = 41 (I = e,p)

— irreducible ZZ™)

« Estimated using simulation

» Corrected for data/simulation scale

— reducible Z+jets, ttbar, WZ
» Estimated from control samples

20 CMS Prelimin: ‘

e Simulation (GG2Z2)
gg — ZZ — 2e2u

——— Shape Model, 2e2u

99 > 2Z > 4l

Vs=7Tev

T200

200

500
m,, [GeV]

Events /10 Ge

GeV
N @
S 3
8 8

CMS Preliminary
SRR RS RAR

Vs=8TeV,L=1221fb"
e

900 150 200 250 300 350 400 450 500 550 600
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2P+2F Region (PFC) |

[ zzz/ 1
Cwz E
Ca =
[ Z+jets ]
e observed
Landau fit —

control sample -

m, [GeV]

Event selection:

requires the highest possible
efficiencies (lepton Reco/ID/
|solation).

CMS Simulation, {s = 8 TeV

=0 01 = T T T T T T T T T T T T T T 4__
& 0.09F . H—ZZ* - 4p =
00sf P m, = 126 GeV E
0.07 i— N p3 Before analysis selection—i
E & £ . =
0.06F: | After analysis selection —
0.05 E_ fd » p$ _E
0.04f oL p! 3
F "a.,.pT 3
0.03F : 5 —
0.02FF =
0.01 =
0 £ s TN S BTHLIL RTINS

0 20 40 60 80 100
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Events / 3 GeV

Four lepton mass spectrum

RN
—
=

"

~ N

Mass distribution for the four leptons (two pairs of electrons, or two
pairs of muons, or the pair of electrons and the pair of muons).

CMS preliminary Vs=7TeV,L=5.1fb"'\s=8TeV,L=122f"

25—] I T T T l T T T l T T T l T T T I T T I—T—
B # Data —
i [ z+x i
20_— | I:IZY*.ZZ 7]
— . —
- [ |m=126Gev -
15_— ! o
10 —

80 100 120 140 160 180
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Events / 10 GeV

CMS preliminary Ns=7TeV,L=51fb"'ys=8TeV,L=12.21fb"

L R R R R AR
40 : « Data —;
35 ! .Z+X _;
sof] | 2z 3
05| : ‘ [ | my=126 Gev _
20§ [ ‘ '| :
15§ : ’ E
10- :_ || | _;
5# \ -'i‘ l _;

100 200 300 400 500 600 700 800
m,, (GeV)
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1 |/
H—ZZ Signal and Background ?',g‘,lj
Channel 4e 4u 2e2yu 4/
ZZ background | 4.7 £0.6 | 9.6 £1.0 | 125 £1.4 | 26.8 £1.8
Z+ X 3459 | 16753 5673¢ | 106133
All backgrounds | 8.0751 11.2175 18.173% 37.3“_%%
my = 125 GeV 24 £04 | 46 £05| 59 £0.7 ||12.9 £0.9
my = 126 GeV 27 £04 | 51 £06 | 6.6 £0.8 |[14.4 £1.1
Observed 12 16 19 47

Integrated in the mass range from 110 to 160 GeV

Z +X background is estimated from data;
ZZ is estimated from simulation

DISCRETE 2012, CMS overview, J. Varela
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fm,m,,0_,0,,0*,0,0}

Ky = |1+

Matrix Element Likelihood Analysis:
uses kinematic inputs for signal to background discrimination

Proig (1, M, 01, 02, . 0%, D1 [mae)]

P

ig

(mh ma, 017 027 (ba 9*7 (Dllm‘w)

* For the signal, use a fully analytic parameterization

* For the use a simulation of the process qq — ZZ/Zy

CMS Preliminary 2012 \s=7TeV, L=5.05fb™"; Ys=8 TeV, L=5.26 fb™"
R 0 J P A
o= -

0.09F =
L2o0.08f E

E

-1 -0.8-0.6-0.4-0.2 0 0.2 0.4 0.6 0.8 *1
DISCRETE 2012, CMS overview, 59§/grela

CMS Preliminary 2012

\s=7 TeV, L=5.05fb™"; ys=8 TeV, L=5.26 fb

L L

LI B B

T T

|

20

30

40

50 60
m, [GeV]

CMS Preliminary 2012 \s=7 TeV, L=5.05fb™"; ys=8 TeV, L=5.26 ib™"
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Ky versus my, distributions

CMS preliminary ¥s=7TeV,L=51fb" ys=8TeV,L=122f"

Ky discriminant versus m,, S !
— Data points shown with per-event 0.8 0.8
mass uncertainties 0.7
« Top: Data w.r.t. background 06 0-6
expectation 0-°
_ 0.4 0.4
* Bottom: Data w.r.t 126 GeV Higgs 0.3
expectation 0.2 0.2
0.1
— Six simultaneous two-dimensional ?7120 130 140 150 160 170 180

fs=7TeV,L=5.1fb" ys=8TeV.L=122fb""

1

CMS preliminary

maximum likelihood fits for each value &

of my , in the variables m,, and K . s

— Kb distribution for signal is similar for a 0-6 0.6

scalar, pseudo-scalar, or a spin-two

. . . 0.4 0.4
resonance with the minimal couplings, 03
at a mass around mu= 126 GeV 0.2 0.2

120 130 140 150 160 170 180
DISCRETE 2012, CMS overview, J. Varela m,, (GeV) 27



Results from H—ZZ analysis

CMS preliminary fs=7TeV,L=51fb"' ys=8TeV,L=1221fb"
T T

1

ERE RN N RNRN RN RN S BEEEE
: ) : R RS A Wi\ B

2D flt I'eSU|tS (KD m4|) . ‘i 10'1:5 ‘i\_ ‘/ﬂ M v- -
— The minimum local p-value has a T 107k &VJ ¥ o

L ) S 107 ,. e
significance of 4.5 sigma T ook e e

— The signal strength relative to SM is 10°F U *a

u=0.80%035 . at 126 GeV. 10 f s
10-7_..|....|..I'..l'r.....l.“.‘..u"...i'-'....|...._56
110 120 130 140 150 160 170 180

my, [GeV]

CMS preliminary {s=7TeV,L=5.11b" ys=8TeV,L=1221fb"

Mass measurement

A simultaneous fit of the mass and of
signal strength gives:

20
=
18<

my = 126.2 +0.6(stat)+0.2(syst) GeV

DISCRETE 2012, CMS overview, J. Varela my (GeV) 28



> |V
H — WW — 2| 2v =i

Signature p: 32 GeVg——

— 2 opposite charged leptons (only e, p)
— 2 neutrinos == missing transverse /
energy (MET)

* no Higgs mass peak
Analysis challenges

— understand backgrounds L o
« normalize to control regions }\\X
NN

— backgrounds: WW, W+jets, top, DY

——]
(=]

Different flavor (DF) channels are the most sensitive
— same flavor has substantial DY background

— gluon fusion: 0 and 1 jet categories

— VBF: 2 jet category

Cut-based and Shape analysis in (m,-m+) plane

DISCRETE 2012, CMS overview, J. Varela 29



H—WW cut-based analysis

i P
e-u mass in the 0-jet category e-u mass in the 1-jet category

(\é :I UL I LI I LI I LI I L I LI I: (\é _I LI I L l 1 UL I L L I LI LI I LI I—
% 200 - e data — m,=125 GeV CMS Preliminary % 100 | o data — m,.:j25 GeV CMS Preliminary__
O} 1go - M H125 [ W+jets fS=8TeV,L=121fb"_] O} Il H125 [ W+els {S=8TeV,L=121f0" -
o - VvV Top - o - vV Top .
: 160 o PA% Ww . : - W 2N Www -
@ -\ stat@syst 1 @ —
c ~ ] c .
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H—WW shape analysis

« Two-dimensional m-m, distribution unrolled in one-dimension

» 0-jet bin after the CLs fit for the mH = 125 GeV Higgs signal hypothesis

M, = 125 GeV CMS preliminary s = 8TeV, L =12.11fb '
= —+— data 0 ww 1 top [ Weets
o I H(125) I zry [

&
X
>
[}
o
(=]
8
g
c
[]
>
w

0 40

—

g + Q t
2
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Data/MC
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Results from H—WW analysis -

== observed CMS preliminary-
- --- median expected -
- H— WW — 212v ]
- | expected + 1 .
- expected + 26 L =4.910* (7 TeV) + 12.1 fb™ (8 TeV) 1
— signal injection mH=125 GeV % 2¢ (stat.)

=
o
N

For a mass of 125 GeV:

* QObserved signal
significance: 3.1 sigma

95% CL limit on G/GSM
=
|

=
LI ) e e o g VAR
FULLa o

« Signal strength o/ogy,: [ N _
0.7410.25 E I I Y | ] IIlIlIII|llIlIlIIlIIIIIIlIlIllIIlIlInE-

110 200 300 400 500 600
Higgs mass [GeV]

=
Q
[y

expected /observed significance
8 TeV cut-based | 8 TeV shape-based | 7+8 TeV shape-based
24/1.7 3.7/2.9 41/3.1

best fit value
8 TeV cut-based | 8 TeV shape-based | 7+8 TeV shape-based
0.80 & 0.45 0.77 = 0.28 0.74 & 0.25
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H — vt analysis
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~ N

* Reconstructed t decays: e, U, Ty,,4
« Event categories: 0 and 1 jet, VH, VBF
« Main ingredients of the analysis:

» tau pair mass resolution

« good understanding of the backgrounds

Z—tt

* Embedding: in
Z—up, replace n by
sim. 7 decay.

* Normalized from
Z—uu events.

800

700

dN/dm_, [1/GeV]

QCD:

* Normalization &
shape taken from
LS/OS or fakerate.

ttbar:

» From madgraph.

* Normalization from
sideband.

L) L) l L) v L) L) I Ll L)
—e&— observed

[ r

Bl Z- ee

Bl clectroweak E

Z—ee(/up):

» From powheg.

 Corrected for jet—rt,
e/u—t fakerate.

0

 Select isolated leptons.
« Restrict E_ (supp. W+jets, ttbar).
* Discriminate signal from

Diboson/W+jets:

* From madgraph.

» Normalization from
sideband.

200 300
m,. [GeV]

background based on m .
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100 150
M, {1, MET) [GeV)

from C. Pauss

HCP 2012
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Results from H — vt analysis

7/ and 8 TeV data; all categories combined

CMS, Preliminary, H— t1, L=17 fb™

= 5.0 _— T -
o’ _[f —— observed :
B 4.5 - —— expected ;
S 4.0 E_ [ + 1o expected E
_t. - [ ]+ 20 expected 3
£ 35E .
I E -
@) 3.0 a 3
X 2 E
P 2.5 : -
%2 =
2.0
1.5
1.0
0.5F
0'0 : 3 3 3 3 3 [ 3 3 3 3 3 [
110 120 130 140
m,, [GeV]

Sensitivity ~1 times SM
Mild excess at low mass ~ 1.5 sigma
Combined o/ogy, at my = 125 GeV: 0.7%£0.5
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Best-fit signal strength values, o/ogyy

CMS Preliminary 17fb"at ye =7 and 8 TeV

I I 1 I I 1 I I 1 I I I I
Category m,=125 GeV

1-Jet I . i
VBF ———e———|

)

K
+
x
L]

Combined 7TeV I I
Combined 8TeV f——o——1
Combined F———
I | 1 | | 1 1 1 1
-2 0 2 .4
signal strength
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All channels combined:

o' N T T T T l T T T T | T T T T I T T T T l T T T T l_
w — CMS Preliminary ® Data -
T 300 ys=7Tev,L=501b" —— VH(125 GeV) —
£ C {s=8TeV,L=1211b" S Vi¥I25 6oy .
[ C_ pp— VH; H—bb v ]
u>.| 250 [ Jz+bb .
N [ Z + udscg -
- O w+bb _
200— I W + udscg —
C [ Single top n
C - ]
150 ? ...... __
100— -
50 -
0 e ——_—
g2
s 1.5 3
s 1E
Q05
0 50 100 150 200 __2¢
M [GeV]
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2 - {s=8TeV,L=12.1fb" CIVV .
g - pp— VH: Ho bb === MC uncert. (stat.) |
I 60F ’ —
:
20 .
. - 1 ; -
- P

- . 1 | 1 1 | 1 | | 1 I | 1 1 | I | 1 | | 1 | | 1 |_

2OO 100 200
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95% Asymptotic CL Limit on c/cg,,

Results from VH — Vbb analysis e

6 ——— —_— s=7TeV,L=50f"Vs=8TeV, L=12.1 b’

oo e CL,Observed CMS Prelimi my, = 125 GeV

1 —— =

[ fe=TTeVL=5M e CL,H125 injected  _ refiminary My
5(~ Vs=8TeV,L=121fb --e- CL_ Expected -

. VH(bb), combined m CL Expected+ 1o

B CL Expectedt20 -
4

- Z(I'T"YH(bby
S~ T
oF T i

"""""""" Z(vw)H(bby

1

_I | 1 Il I 1 Il Il 1 | | Il Il | I Il | 1 Il | 1 Il | I— —
110 115 120 125 130 135 W(v)H(bb)

mH [Gev] 1 1 1 | L 1 1 | 1 1 1 1 | 1 1 1
Y Bestiitolo..
est fit o/c
At 125 GeV: SM
« Expected limit 1.2 times SM Combined signal strength: 1.3 *0-7 .

« The significance of the excessis 2.2 o
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Higgs combined results

Combination of 5 channels: 1, tt, WW, ZZ, vy

1 CMS Preliminary ys = 7TeV L<51fb \s=8TeV,L<122fb" CMSPrellmlnafv {s= 7TeV L<51fb \(E 8TeV L<122fb
g 3 . % : o v i +Observed
c_g \g B Expected (68%)
S —‘§ g o | Expected (95%)
g0\ I =
[T e \ / 47 E [
) - “‘ ] _I =
10°F -+ O
B N N o 1 .
: J7o o | 5
10'13 —| === Combined obs. |* — o B -
| === Exp.for SMH | % = i |
— H—) bb ‘s‘ —_80 - _
—| = H— 1t .\ ]
A7 | —H-my = T E
1077 H D 3 107 =
| | —H—>2ZZ ., _ N ]
_l ] 11 [ 111 ll 111 l 1 1 1 1 l 111 1 LI 1 11 l 1111 1 I | IALIlllllllllllllllllllllllllllllllllllllillllllll‘llll
110 115 120 125 130 135 140 145 100 200 300 400 600 1000
my, (GeV) my (GeV)

Significance 6.90 versus 7.80 expected.
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Mass of the new resonance
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Model independent mass measurement from

the two high-resolution channels:
my = 125.8 £ 0.4 (stat) = 0.4 (syst) GeV

CMSPrellmlnary |s 7TeV,L<51fb' ys=8TeV,L<12.2fb"
T 1 \ \ I ——— L1 I L x> T I F T ]

H—)’Y'Y+H—)ZZ —— Combined
— H-> vy

—H->2ZZ

-2AInL

TIIIIIII

ITIIIIIIT

O a N W & O OO N @ (O O
ITTTTIIIIII [
1111l IIII|IIII|III |IIII|IIII|IIII|IIII |

|IIIIIIIII| IIlIIII|lII

22 124 126 128
my (GeV)

— T T T T T T T
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CMS Prellmlnary ls 7TeV L<51fb Vs=8TeV,L<12.2fb"

#= Combined
+ H-ovyy
+ H->ZZ

H—>yy+H—>ZZ

6/Cgyy
g
01

1.51
1.0}

0.5

0.0:'"llll'|lll|||11||||..l..

IIII

III|

124 125 126 127 128

my (GeV)

The combined 68% CL contour
assumes that the relative event yield
among the three channels are those
expected from the standard model

S
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H— bb

H—o1t

H—vyy

H— WW

H—ZZ

Signal strength at m;=125.8 GeV

\s=7TeV,L<51fb" \s=8TeV,L<12.2

fb'

CMS Preliminary m, = 125.8 GeV

Overall best-fit signal
strength in the
combination:

ol/og,, = 0.8810.21

\s=7TeV,L<51f" \s=8TeV,L<12.2fb"

15 2
Best fit o/c

Signal strengths
consistent with each
other and with SM

2.5 CMS Preliminary m,, = 125.8 GeV
SM  H-— bb (VH tag)
H — bb (ttH tag)
H— tt (0/1 jet)
H — t (VBF tag)
H — 1t (VH tag)

H — vy (untagged)
H— vy (VBF tag)
H— WW (0/1 jet)

H— WW (VBF tag)
H— WW (VH tag)

H—ZZ

o

2 4
Best fit G/GSM

lJ'qq H+VH

_IIII|[III|IIII|IIII|IIII|IIII|IIII|IIII|IIII_
-1.0-0.50.0 0.5 1.0 1.5 2.0 25 3.0 3.5

CMS Preliminary {s=7TeV,L<5.1fb' ys=8TeV,L<12.2fb"

| | | | I T
- 4+ Ho1t
8__ + H-oww
i + Ho>ZZ
6_ 4 H-bb
i + H-yy
4_ ]
2_ ] |
[+ P
0_ —

l“lggH+ttH

signal strength in
gluon fusion + ttH

V.S.
VBF + VH
production mechanisms
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Couplings to fermions and bosons =il

Fermion and Vector Boson Couplings Custodial Symmetry A, =k, /X,

CMS Preliminary

E SM Higgs @ Fermiophobic ¢ Bkg. only

Vs=7TeV,L<51fb" \s=8TeV,L<12.21b"

CMS Preliminary {s=7TeV,L<5.1fb' Vs=8TeV,L<12.2fb"
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Couplings look consistent with SM Higgs
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Events / 3 GeV
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Spin-parity analysis

"

~ N

B
« Expected separation between 0+ and 0-: 2 standard deviations
« Scalar (0+): data consistent (0.6 standard deviations)
» Pseudoscalar (0-): data different by 2.5 standard deviations
= -1
= = |1 _
Pon + P]p Py (m1, ma, Qomyy)
. oV L= 54T VBB ToV. L= 12217 CMS preliminary  ys=7TeV,L=51fo" ys=8TeV,L=1221" CMS Preliminary §=7TeV,L=5.1fb"Y5=8TeV,L =122 0"
(irw|s|p|re|h|m|lr:a|r)1|1"|§|_|7|||’|||1|||l‘:'_|||ll;l|l"'|: ‘g 6__”IIllIIIlIIIIlIIIIl”IIlIIII'IIII'”II'“II'“II__ g 3000F Vs \s
43 K >O 5 ¢ Data _: g E L:?,L:n =126 GeV ] OEJ r E SM, 0+
7;_ D - DZZ,ZY' —g w S .o 0, m =126 Gev ] 5 2500~ [HI J"IW ‘%
- u C [Jzzzy Q - o
6 [ z+x i C x - Il
- ) ] 4 Bz 4 S 2000F = cusan
sE i []my=126 Gev H i B - 'l]
- . . c r
4:— J; + 3__ L4 L4 ] GC.) 1500__ | L
- ’ N ] 3 - }'L
- 2r * ° 7 © 1000}~ |
; 1 :— 01::1_’_;_,'_.‘_0Hg‘4n _f 500 f_ | L.,]1
05710 120 130 140 150 160 170 180 oiuéi;r-ﬂ"“‘_"_' ———— e L oA L TR :
m,, (GeV) 0 0.10203040506070809 1 930 -20 -10 0 10 20 30
4 pseudo-MELA -2 % In(LO_/Lo+)
o Expected log-likelihood
106<m, <141 GeV Distribution of D,- for " v

distributions for the 0+ and O-
hypothesis. The observation in
the data is shown by the green
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2011-12 Datasets: SUSY



SUSY searches at 7 TeV

ol /] ([

Al \\
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The initial SUSY program at CMS was designed to be

1. Generic
 Signature based searches not tuned to a particular SUSY model
X

1. Broad

« Cover many possible signatures g ..
— Fully hadronic final state A
— Final states with leptons; final states with photons
— Assume stable LSP: all final states with missing E;
— Most of the searches have a version with b-tag

» Use different methods
— eg: four methods for the all hadronic channel (o, MHT, MT2, razor)
— Counting as well as shapes analysis

1. Robust
* Background estimated from data as much as possible

DISCRETE 2012, CMS overview, J. Varela
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CMSSM interpretation LI P
CMS Preliminary L =4.98fb",\'s=7 TeV
I ;{@I\\ I I | | | I | I | l‘%/_l I I I I I l?;Nll ltaL](Bl)=;o I I I—:
‘o = = |A,=0GeV -
2 ‘3‘0 >0 i
Jets+MHT 2 ww-sm ; =173.2GeV|
£ 600 =
. DLEPZ 7" Z
500 75 _ . LEP2 ¥ _:
400 m(g) = 1000 _:
300 —
- m(3) =500 ol B
200¢ Multi-Lepton oﬂ"‘ge“\Nsﬁ a
WO ?\oe
100 500 1000 1500 2000 2500 3000
m, [GeV
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SMS interpretation

'!?"'
1

n
i P

ol /] ([

CMS preliminary
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TL G-qi°

Tlbbbb: g-»bbi’

TIttt: gty

T2: g

T2bb: b-bi

T2t ity

T3hh: §-gqio -1 1°')
T3w: g-ael” W' [X')

T5lInu: ¢ =1 1

522 §-q0% 2 2%)
CMS searches have

excluded light squarks and
gluinos up to ~ 1 TeV

TChiSlepSlep: 0" ~ Ui’ i’

TChiwz: ¥*§) -WZ'§’
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7075

m(LSP)=0 GeV

gluino

gluino
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gluino

gluino

gluino

gluino

-

chargino/neutralino

chargino/neutralino

7TeV, < 4.98 fb !
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200

400 600
Mass scales [GeV]
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1000 1200
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At a Crossroad

Technicolor

Savas Dimopoulos, CERN Colloquium, Sep 20, 2012
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« Search for stops and sbottoms in gluino decays
— Relatively light stops are needed for naturalness
— In natural SUSY the gluino cannot be too heavy

— |If the other squarks are very heavy, then the gluino will decay
into sbottoms and stops with high BR

« Search for direct stop and sbottom pair production
— To close the loophole that the “gluino is too heavy”

« Existing “generic” searches can be re-interpreted in this
context

 New targeted searches have been developed for pair
production
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Stop and sbottom in gluino decays

d— tty’; m@>m(@)

95% exclusion limits for § — t t 3 ; m(@)>>m(g)

';‘1 200 A s 1 s
‘D Ol (ng b CMS preliminary
O [7SS+ 7TeV, 498 fb" -
0 1000\~ — E,+b .
7] i i
] -_9/L122b+ET |
S - — razor :
% 800~ razors+b ]
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400 E 7
200— —

: i
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500 600 700 800 900

1000 1100 1200
gluino mass [GeV]
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Direct stop and sbottom pair production

Single lepton + missing E

t —ty, and f —=> by — bWy,

CMS Preliminary Is=8TeV, det =9.7 fb"

% 25000 ST Tty % NLO-NLL exclusions
..... theory
(O] " 50/50t, /t, mixture sooes Observed +1o
= - === Expected+1o
I 200
£ .
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100|—
B 3l
50 — 2|
B s
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EWK production
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* Trilepton + MET final states
« Same-sign dileptons

DISCRETE 2012, CMS overview, J. Varela

Models with decays into W and Z

o

k 568 _____ )NC(]?

7 X%......ﬁ:‘\.‘.\l_— XY
W

i

X X§ e i

7 X-g._....‘l_‘\_‘;_— %
Z

o U+ {1+ MET
o Z2W+W/Z>jet-jet + MET
* Four leptons
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Z’SSM I

Z’ SSM tau tau

Z’, ttbar, hadronic, width=1.2%
Z’, dijet

Z’, ttbar, lep+jet, width=1.2%
Z’'SSM Il (fob=0.2)

G, dijet

G, ttbar, hadronic

G jet+MET k/M = 0.2
Gyyk/M=0.1

Z(hZ(qq), k/M=0.1

W’ Iv

W’ dijet

W - td

W’ = WZ(leptonic)

WR’ = tb

WR, MNR=MWR/2

WKK p =10 TeV

pTC, nTC > 700 GeV

String Resonances (qg)

s8 Resonance (gg)

s8 Resonance (gg/bb), fbb=1
E6 diquarks (qq)
Axigluon/Coloron (ggbar)
gluino, 3jet, RPV

g* (qg), dijet
g*(@W)

g (@2

q*, dijet pair
q*, boosted Z
e, N=2TeV
p*, A=2TeV

b’ = tW, (3I, 2I) + b-jet

q’, b’/t’ degenerate, Vib=1
b’ = tW, l+jets

B’ = bZ (100%)

T =tZ (100%)

' = bW (100%), I+jets

0/
DIsCREFE 4 ﬁ) M

_-‘_;_. gluino, StoZ?js GHI:Cr;s
o stop, Stopped Gluino
Rt stau, HSCP, GMSB
S hyper-K, hyper-p=1.2 TeV
— fractional charge, g=2/3e
— fractional charge, q=1/3e
) multiple charge, q=2e

’ multiple charge, q=3e

: . ' neutralino, ctau=25cm, ECAL time
= | CMS Exotica .opos
T 0 LQ1, B=1.0
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-

C.I. A, X analysis, A- LL/RR
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C.l., dimuon, constructive LLIM

Com pOSiTeneSS C.l., single lepton (HNCM)

MBH, rotating, MD=3TeV, nED = 2, BlackMax
MBH, non-rot, MD=3TeV, nED = 2, BlackMax
MBH, rotating, loss, MD=3TeV, nED = 2, BlackMax
MBH, boil. remn., MD=3TeV, nED = 2, Charybdis
MBH, stable remn., MD=3TeV, nED = 2, Charybdis
MBH, Quantum BH, MD=3TeV, nED = 2
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LHC and HL-LHC projections
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Simplified generator study

— S.Bolognesi et al., arXiv:1208.4018
— ZZ: likelihood discriminator

— WW feature: angle between leptons
— yy: production angle

For 5+30 fb':

scenario X — Z/Z X — WW X — ~v combined

0 vs bkg 7.1 4.5 5.2 9.9
0Fvs0~ 4l 1.1 0.0 4.2
0Fvs2- 16 2.5 2.5 3.9

* Up to 40 separation possible in 2012

— for both odd parity and spin-2
— ATLAS+CMS combined

DISCRETE 2012, CMS overview, J. Varela
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Projected Higgs couplings with 300 fb-"

« TwoO scenarios:

« Scenario 1: same systematics as in 2012
« Scenario 2: theory systematics scaled by a factor %, other

systematics scaled by 1/4L

CMS Projection

T I l I 1 I T I T i 1 I ] 1 1 i 1 I T 1
Expected uncertainties on F—1 so0fat =14Tev
Higgs boson couplings }— 300" at {5 = 14 TeV w/ scaled sys. unc.

K. ,

1 | 1 1 | I 1 | 1 1 | 1 1 1 | I |
0.00 0.05 0.10 0.15
expected uncertainty

300 fb'1 14 TeV, Scenario 1
300 fb'1 14 TeV, Scenario 2
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15 CMS Projection 300 fb' at ¥s =14 TeV
L — T T

< |
1.10 -
1.05F
1.00 -
0.951 Full line: Scenario 1
0.90 :_ Dotted Iine: W/O
- theory uncertainties
- L | . . . . | . L L L | L L
0.85 0.9 10 11
Cv

With 300 fb-' the uncertainties of
the Higgs couplings are expected
in the range o (k) ~ 3-6%

o (K,)~7-15%
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HL-LHC: Higgs couplings with 3000 fb-"

« Extrapolation by two orders of magnitude to higher luminosity
— is subject to large uncertainties
— scenarios 1 and 2 provide likely upper and lower bounds

 Experience at LEP and Tevatron indicates that scaling with 1/4L is not unrealistic

 With 3000 fb-" the Higgs couplings can Uncertainty (%)
possibly be determined with high precision Coupling 3000 fb~-
(1-3%) Scenario 1 | Scenario 2
sy 5.4 1.5

* The decay H—uu can be observed with a Ky 4.5 1.0
significance of 5 sigma K 7.5 2.7
» measurement of the Hupy coupling with a I

iSi ~10° Kb 11 2.7
precision of ~10%. - 20 20
» Measurement of multiple Higgs boson fir 5.4 2.0
production is possible
« The SM cross section for di-Higgs boson Scenario 1: _
production is 33 fb at 14 TeV. * 2012 systematics
Scenario 2:

* Measurement of the Higgs potential theory syst: scaled by a factor %

other systematics scaled by 1/1L
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Outlook

« The LHC experiments have exceeded the design performance,
showing that precision physics can be made at high luminosity and

pileup.

* Impressive performance of the standard model describing the LHC
data. This is a tribute to decades of hard and rigorous theoretical work.

* As of today, the 125 GeV resonance is compatible with the SM Higgs
boson

« Bright prospects for physics at LHC with higher energy and luminosity.
We are just at the beginning.
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Overall diameter 15m
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Tracker
ECAL
HCAL
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Sslenoid ol

14000 t

76k scintillating
ECAL PbWO, crystals

28.7 m

HCAL Scintillator/brass
Interleaved ~7k ch

MUON ENDCAPS
473 Cathode Strip Chambers (CSC)
432 Resistive Plate Chambers (RPC)

3.8T Solenoid

IRON YOKE

-

-~

Pixels & Tracker
* Pixels (100x150 um2)
~ 1 m2~66M ch
+Si Strips (80-180 um)
~200 m? ~9.6M ch
MUON BARREL
250 Drift Tubes (DT) and

S overview, J. Varela
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Pileup challenges

Reconstruction of hard collisions in high 9
pileup environment requires detectors with §
very high granularity: <
efficient association of charged tracks to v
collision vertices =

* reconstruction of charged and neutral ;

particles in jets
» pileup neutrals corrected w/global energy

Muon isolatlon

-

o

o
|

o
©
®

Efficiency is stable in ]
high PU environment -

e
©
>

o
©
IS

o
[{e]
N

. —MUONS -e- Data, 2012 —;

. Simulation

C CMS Preliminary, Vs = 8 TeV 'j
|||||| | 11 | 11 | 11 | 11 | 11 |

5 10 15 20 25 30 35 40

o
©
=]

denSity (p) Number of vertices
Physics with high pileup requires full o agrm E
particle flow reconstruction assuring: & b Missing ET |
* precise jet energy correction g - vernmeereri - resolution
 robust missing energy measurement g S e S
- efficient lepton isolation L ;
oF W7 et ]

Very efficient reconstruction code is T :
needed to stay within computing budget oil T

0 10 20 30

DISCRETE 2012, CMS overview, J. Varela

Number of Primary Vertices
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| Sl
Event Reconstruction LI P

tH HCAL
A

neutral ": “ ; Clusters
i : : tector
Particle ¢ ©
Flow

harged
hadrons <>article-ﬂow |

Stable particles in the event are reconstructed by a
sophisticated algorithm that combines information from all sub-

detectors.

This exploits the fine-garained nature of CMS.
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vy pairs / 0.005 GeV/c?

X

Photons (EM Calorimetry)

10° CMS Preliminary 2011 Data {s =7 TeV
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¥
Jet Studies with 2011 Dataset ~ Zietl

15 CMS Preliminary L = 4.7 167 G-1hvml-u,n-o.7
;10 i :
S ® MM<O6 (=10
= ! - n5<ry1<l,b|-1ﬂ:
‘8_10"'0-..\.. . 1:<:¢<;:|.13,‘
— - v 16«20 (> 10%
= L"‘.\.-'““q.,..’. o zocmczsum‘jj
B,_107 ”“\-.M""‘ g

- N —4
'8' "—.\%“"‘Mﬁq‘ :
“-E 10°} R \- :
: ‘\‘\“‘ —:
10": "] e :
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0.2 03 1
. e
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16 o DaawTrecey -
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Dijets

CMS Proliminey L=47 16" Vs = 7 TeV anti-k, R =0.7

ly 1«08
0BTy _ 1<10 10
10<ly _1=<150x
t§<y_'l<u¢l
20 <y 1<235{x10
NLO =

R B

IR

T T .'!,

CNS Prodimisary L= &7 10 s = 7 TeV antik, R =07

-
-
M RS

0,._040&

MAPOPFL ™, 00, )2
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Top cross sections at Vs= 8 TeV

CMS-TOP-12-006/7

CMS Preliminary, 's=8 TeV

228+ 9+2 +10pb

(val.+ stat.+ syst. £ lumi.)

CMS I+jets (e/utjets)
TOP-12-006 (L=2.8/fb)

227+ 3+11+£10pb

(val.+ stat.+ syst. £ lumi.)

CMS dilepton (eeup,ep)
TOP-12-007 (L=2.4/fb)

CMS combined 227+ 3+11+£10pb

(val. + stat.+ syst. = lumi.)

pprox. NNLO QCD, Kidonakis, arXiv:1205.3453 (2012)

pprox. NNLO QCD, Cacciari et al., arXiv:1111.5869 (2011)

pprox. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale ® PDF uncertainty)
[ Approx. NNLO QCD, Langenfeld et al., PRD 80 (2009) 054009 (Scale uncertainty)

| | | |
100 200 300 400

o(tf) (pb)

o =227 t 3 (stat) £ 11 (syst) £ 10 (lumi) pb
o4(NLO) = 225.2 pb calculated using MCFM

DISCRETE 2012, CMS overview, J. Varela

o(tt) (pb)

102

10

CMS Preliminary

® CMS combined 7 TeV
= CMS combined 8 TeV
o CDF
o DO

(1.1 o
2.8 fo

Approx. NNLO QCD (pp)
Scale uncertainty
Scale ® PDF uncertainty
Approx. NNLO QCD (pp)
Scale uncertainty
I Scale ® PDF uncertainty

Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW 2008 NNLO PDF, 90% C.L. uncertainty

IlllllIII|IIII|IIII|IIII|1III|I1II

TeV)/o(7TeV)
41 +0.11

5 6 7

9
(s (TeV)

t-channel single top quark production

1T T 1 1
CMS preliminary, 5.0 fb’

CMS, 1.17/1.56 fb™!

DO, 5.4 b
CDF, 7.5 1"

o [pb]

10?

> « o N

1 IIIIII|

10

NLO+NNLL QCD

|l|||||

NLO QCD (5 flavour scheme)
mmmmmm  theory uncertainty (scale ® PDF)
Campbell, Frederix, Maltoni, Tramontano, JHEP 10 (2009) 042 :

== theory uncertainty (scale @ PDF)
Kidonakis, Phys.Rev.D 83 (2011) 091503

| IIIIII|

IIIIII|
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Top properties highlights

CMS Preliminary, 1.14 f6' at\'s=7 TeV

e Charge asymmetry:

tt differential So | DleslonCombined  +pga TOP-11-030
O ~MadGraph
measurement =07t = MCENLO - @ [ovspbimmay o]
g5 ~—POWHEG - 0447 f"at Vs =7 Tev e _
—lo r ’ ' [ I+ets — NLO prediction ]
10%E i i
0.051 SN\ NN\ NN\
10 oF .
o005 arXiv:1207.0065 -
10°" 500 400 600 800 1000 1200 14 T ]
Associated - - m: c_zv] 300 400 500 600 n:(.)([)GeV/c%?o
production s F R 4 e A )
tt"‘MET T3 0.016f usjets e AC =0.004 £ 0.016
¥ Wo.01af | £ SM: 0.012 £ 0.001
ook ' ' 1~ combined *
0.01F i it (MADGRAPH
11 R=B(t>Wb)B(t>Wq):
0.006;“ it ] _:‘
0.004F = —_
vl TOP-12-019 E R=0.98+0.04 TOP-11-029
Um.,l...l.,.l,.,l.. P | 1.3

140

PE B id
0 20 40 &0 80 100 120
Er™ [GeV]

Associated production ttbb o(ttbb) /o (tfjj) = 3.6 + 1.1(stat.) = 0.9(sys.)%
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CMS Inclusive Razor

 Razor variables:

® Form 2 mega-jets: j1 and j2
* Boost to Razor “R” frame: p,=0
« Define Mg, M{Rand R

0,1,2 lepton

events

Mg = \/(r,, +Ep)?—

(pl 4+ p)2 | *Mg=Energy of the

2 LSP’s in rest frame

of the mother

ME = (4 ) ZPP (7 +7r) sparticle
*M;R = Average
R = ﬁ transverse mass of
Mg “rebis
Great Signal/

1000
My [GeV]

SUS |
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Background Separation
in (R? MR) plane

500 1000
M, [GeV) tt

oMspreimin: SUS-12-005 Vo=t fl. di=44m'

tan(fi)=1

p>0

A, =0GaV

m « 1732 GeV

0

Razor Inclusive

Hybrid CLs 95% C L. Limits
Median Expected Limit
Expected Limit =1 o

= Observed Limit

------- Observed = 1 o (theory)

.
.,
.
e
*
.

‘e
o)
.
. oo
................
---------------------

e
fene
---------------------------------

‘.\0

500 1000 1500 2000 2500 3000
m, [GeV]
z
4 CMS Preliminary Vs =7 TeV
H Dijet QCD control data
fop

10..

350 M, [Ge \4/?0

For various cuts on Mg (R), the
differential distribution of R (Mg) has

simple single or double exponential
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. . Sidj
SMS interpretation -
CMS searches have excluded light squarks and gluinos up to ~ 1 TeV
CMS preliminary | mmother)-m(use)—200 Gev T m(LSP)=0 GeV

x=0.75

T1: §—qq¢°

gluino

Tlbbbb: 3%’ | gluino

Titttt: 3-%° | gluino

T2: §—q¥’ squark

T2bb: b—=b%° | sbottom
T2tt: i 5t%° | stop

T3lh: g—qq(3 =17 17X°) | gluino
T3w: g—qq(x " »Wx"1X") | gluino y—,_,

TSInu: ¥ =1 v%° | gluino

T52z: §—qa(¥z =+ ZX") | gluino

TChiSlepSlep: 0% * —Uwy’%°

chargino/neutralino

TChiwz: ¥*%) -WZy"%°

chargino/neutralino

7 TeV, < 4.98 fb™!

0

1
200

400 600
Mass scales [GeV]

800

1 1
1000 1200

DISCRETE 201'), CMMS n\/or\/in\nl’ | \/arala
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Ns=7TeV 221"

|Il||l|l||l|||||I||l||||l||l||I||||Il||||l|||||

TO014-t>HbH >

CMS Preliminary

[ t,tets, et, SHT, and ey final states

- BR(H' _”") £ —8— Observed

--l-- Expected median

N |

\Ns=7TeV 2.2fb" reliminary
60 |||IIl|||ll|l]lllllll]ll[ll]llllll.fl Iﬂlll

[ to>HbH 51w

L thﬂets, et T, and ey final states
[ MSSM m,™

50— BR(H' - ) =1

[ u=200 GeV

tan()

5 |
Lo 7
2 :
mn o1~ [ Expected median+1c 40 —
b [ " -
\9 r |:| Expected median+2 ¢ -
=008 . 0 ]
E | t - bH*— brtv ]
—10.06 _ 2 :
o I i 20§ -
320.041 .. i e -e- Observed ]
g PR ] L LU L Observed +1¢ (th.) m
0.02 L a 10 L -l Expected median ]
- L ] H I G' 1 1 O 1 9 Expected mediantic |
_I AN N N N AN N N AN |_ l 111 I 1111 I 1111 I 111l I 1111 L1l | 1111 | 1111 | 1 l_
0 8|O 9|O 1(|)O 1‘;0 12|0 1"_|J,0 14|].015|016|02 20 125 130 135 140 145 150 155 160
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S 000
= -wo
w=0x T S .
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O — Mt
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BP1: normal hierarchy
BP2: inverse hierachy
3P3: degenerate masses

BP4: equal branchings

8
=]

100 200

CMS Praliminary /& =7 TeV
=3 CMS Preliminary [ £ = 36pb~
B CMS Preliminary [ £=10fb"!
I CMS Preliminary [ £ =4.6fb-! 1

@ Tevatron
A ATLAS [L£L=16fb"

500 600

o
(=]
o

DISCRETE 2012, CMS overview: o Vareia = oo

har

'=?y|
1

-

ol /] ([

Hi

tt—H*bW-b, H*bHb
With H*—tv
Search channels

1. =, +jets

2. T,te, T, tu

3. eu

Systematics limited
= only 2.2 fb’

HIG-124568

Doubly charged Higgs

— No signal unfortunately

e Butin all channels CMS
has world’s best limits

* New: ®** — t*t* decay
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MSSM Higgs in tau pairs

« Tau pair mass (I+h and Il decays)
« Two categories: non-b-tagged and b-tagged (to enhance bb®)

20 CMS,\s=7TeV,L =46 fb’ All channels 50 CMS,\s=7TeV, L =4.6fb"
— T :_--l(b—rr.:c (mliuo, tanp=20) S a5 95% CL Excluded:
18 . —e— observed - =[] Observed
c Expected
16 +_ % Lo 40 E| W +10 Expected
I [ :etleciroweak : 20 Expected
14 + E multijets 35 E‘ [ LEP -
12 - b-Tag Category 30 ; ----------- ;
10 D5 B o
20F '

/ ]
5 ........ L!SY=1TeV-:

o N A O ®

01 00 200 300 400 500
m, [GeV]

m,, [GeV]
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Sbottom pair production

Same-sign dileptons and b jets

> e I
) ~ CMS Preliminary, (s =8 TeV, L =10.5 fb! .
9\ 300 __Model B1

Ny B Observed Limit 6P = gNLONLL + 1 5

‘E’ - sziiiini Expected Limit + 1 stat. o

250 _m()'( ) 50 GeV

IIIIIlII]IIIIIIlIII]l

200+
1501~
1000t
250 300 350 400 5
GeV
SUS-12-029
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* Dilepton analyses split into off and on Z

resonance.

» Different backgrounds and different model

Com@@ngitﬁwtyzarch methods based on orthogonal data control samples:

- 77| = |-Eg - 77| - [

tt background predicted from shapes in eu events and M(ee)/M(uu) sideband

MET and; Jet-Z-Balanci=

1P

jets

data

Z+artificial MET predicted from data-derived MET resolution templates.
Z+artificial JZB predicted from symmetry in negative—positive tails of JZB.

CMS Preliminary

—e— data

——— total bkg (y+jets)

5 - WZ/ZZ prediction
10 =
% . OF prediction 3
)
0 12 -
210 E
§2} ee/uu +=22 jets
5]
> E
(0] =

10"
[
: 1:—-—~ﬁw~—+&ﬁ#ﬂ+ﬂ |

OE
DISCEQETEQ ZdQPZEGZ‘SBJiéqlveZ?Q/leSSO J. 3Q?arela ’

CMS, {s=7TeV,L =47 fb!

10

—_
o

©
Ly ——

events /10 GeV
3

—— Total background

JZB<0 (data)

- Sidebands/eu (data) |

data/pred
T
|

100 150 200 250 300 350 400
JZB [GeV]

50

mass [GeV]

0
1

X

1200

1000

800

600

400

200

CMS Preliminary  \'s =7 TeV, [Ldt = 4.7 fb™

=2

|ets

— ONLO-

-- 3xd
13 x

200

ke
L PP~ 88,5~ 240,00 > 2%,
m(g) >>m(g), x=0.5

QCD
NLO-QCD
0.N LO-QCD

400 600 800 1000 1200
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—_
o

95% CL uppér limit on o [pb]
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auge-mediated SUSY breaking scenario

J

\\ ]

H
s=!!|

@

Depending on the nature of %°, single or
double photon final states can dominate

m(@) [GeV]

1600

1200

800

preliminary
T T T

4.04tb " Vs=8TeV =1y,=22jets
T

1800}
1400
1000}

600

CMs
T

excluded

GGM
m_o =

~~“— Observed

\ v+ MET

T T T l T T ]_
wino-like 7° .
375 GeV ]

Observed =10 signal theory__
Expected =10 exp. ]

1000
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1500

1000

500

Early 8 TeV
results

CMS Preliminary
B f Ldt = 4.04fb” ,Ns =8 TeV

GGM bino-like 3’
L m. =375 (GeV/c?)
=1 Jet Requirement
NLO Limits
= = Observed
--------- +10 (theory)
— Expected
= e =10 (theory)
[ 10 (experimental)

i Excluded

2000
m, (GeV/c?)

1500
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CMS Prellmlnary, 5 0 fb1 \s=7TeV

(\d’; E NA9° — ;
S 10°E S ]
- 2 eo) ° . B 13
8 " . gso . . 1]
~ 10 ’ _540 15
S . 230 EE
_g - e U?;o 17
> 1F °rﬁ%‘fet3?\%aii°(é‘2’v?§’>§
S F ]
10" -4 .
- | ¢ Data t
102 | | - Four-Parameter Background Fit -
= | -*-300 GeV/c? Gluino Model ]
10-3 E_ —5
10 _ ol el ol ]

0 500 1000 1500

Triplet Mass (GeV/c?)

10?

Y
o

95% CL Limit o x B (pb)

10

CMS Prellmlnary

i == Expected
L 10

[J+20

- 0L9(Gluino) :

oNLO(Gluino) i

Observed

400 600 800 1000 1200

1 400 1 600

M.. (GeV/c?)

i

Exclude gluino masses below 460 GeV (assuming 100% BR into three jets)

DISCRETE 2012, CMS overview, J. Varela

74



L
L 1 P
[CMS PAS EXO-12-010]
] . % 1010 ' é“S,1’0]12'l’i‘o‘llmllna'ryl 1-‘Dl;o;o|1 R
« Search for a new heavy gauge boson W' decaying o i Jra=sen 200"
t h dl t d Q 10°F Ne=eTev S
O a C arge ep On (“ Or e) an V - 107 W' v Bt +single top
*'3 10: B aco
o 10 muon| EEwow

Mt = \/2 . p% . E%‘iss (11— cosAtpg,,,)

* Many models possible

right-handed W' bosons with standard-model
couplings

left-handed W' bosons including interference
Kaluza-Klein W'kk-states in split-UED
Excited chiral boson (W?)

M(W’ssm) 95% CL Luminosity | Expected  Observed

ATLAS e+p, 2011 4.7 >2.55TeV >2.55TeV
CMS e+y, 2012 3.7 >2.80TeV >2.85TeV
CMS e+p, 2011+2012 50+3.7 >285TeV >285TeV

DISCRETE 2012, CMS overview, J. Varela

* Data
e W' v M=1.3 TeV
— W' = uv M=2.3 TeV

H l‘—tl"-‘
1500 2000

M; [GeV]

™

T —rrT I I
CLS 2012 Preliminary B Diboson

Ldt=367 b’
\s =8 TeV

W ev

electron

B oy >ee
—— Wy
B T + single top
= acp
B wsev
* Data
W' ev M=1.3 TeV
— W' - ev M=2.3 TeV
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CMS Preli mmary 3.6/b"al 8 TeV

oE T T —— Data (352)
E /////// ﬁ (199)
Z+Jets (71)
- Other (24)
—— My, = 1.8 TeV (72)

Heavy Neutrino in 8 TeV

—
o
n
'l

-
(=]
LB AL B B R AL

[CMS PAS EXO-12-017]
« We search for the decay of Wr = ppjj and egjj, as in
a Left-Right Symmetric Model

Events / 200 GeV

i

2
. Selection u | S f —
’ %500 1000 1500 2000 2500
— Lepton pt >60/40 GeV, motivated by W decay M,,; [GeV]

DataMC

— Jet pr>40 GeV > 10 R i
— M(Il) > 200 GeV to reduce DY +jets. é :
« Background 210
— Top: data-driven from ejj 2 f
— DY+jets: normalised to data, MC shape in Z peak ok &
— QCD: data-driven fake rate 2
— VV, Single top: from MC L
%21: ety
5% 500 1000 1500 2000 2500
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Heavy Neutrino in 8 TeV Data

« Search assumes small W-W, and N,-N; mixing angles, only one lepton

channel kinematically accessible
* Primary Systematic Uncertainties
— Signal Eff.: 6-10% from lepton

— Background: ~50% from DY +jets shape, ~16% from top shape

For M(N)=M(WRr)/2; M(Wg) > 2.8 TeV

10
E.: F (Ldt=36"at (5= Tevs+ CMo Preliminary < 2200
2 [ 5.0 fb" at (5=7 TeV © 2000
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1 P z F
2 1f — = 1600F
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3 1200}
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g 100k 1000 :
°© - 800
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------ Expectod Limit (95%CL) 400E
3 [ Expected « 10 ]
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g | | g Theoy Expectaion (9,79,

1000
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CMS Preliminary

[CMS PAS EXO-12-017]
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» Hypothetical BH would evaporate into many high-pt objects

— Estimate by S+, the pt sum of physics objects with pt > 50 GeV S ZN:
« Main background of QCD estimated by fit to n=2 distribution e o Pr

— Normalised for each multiplicity bin separately at St = 1.8-2.2 TeV
— Model-independent limits vs St and multiplicity

Large improvement in sensitivity (¥10-20%) with respect to 2011 analysis
[CMS PAS EXO-12-009]

> S5
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Z' in 2011 Data?

« Search for Z-like narrow resonances decaying to dileptons
» Interesting features in dilepton spectra
— around 20 each for CMS & ATLAS in e+p

— similar in scale to 2011 Higgs excess
[hep-ex 1206.1849]
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2 | 1
Today: Z' in8 TeV Data il

CMS EXO-12-015

8 TeV: ee (3.6 fb')+ u'u (4.1 b

> 10° e . — — ) 51 04 CMS preliminary 7 TeV:ee (5.0 fb')+ p'p (5.3
o - - : T ———rT T T T T T T T T T3
O g CMS Preliminary, {s = 8 TeV J-Ldt 361 = E TN N e median expected 3
*g 103 —— DATA o - 68% expected ]
L% |:| yiZ—e'e 95% expected N
10° [ i + other prompt leptons 107 Z'som

[ jets (data)
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G

Limits on the combined 7 TeV and 8 TeV data from 2011+2012
— M(Z’ ssm) > 2590 GeV at 95% C.L.
— M(Z" y) > 2260 GeV at 95% C.L.
Excess just below 1 TeV all but gone in CMS data
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Z —tt (7 TeV data) ===l

« Z' might couple preferentially

to third-generation fermions
— 5fb-1atVs =7 TeV

— Study: tety, TeTh, TyTh, Thth

— plot effective (visible) mass

« Backgrounds:
— DY Z — tt, WHjets, tt, VV, QCD
— estimated from data where

possible

M(Z ssm)

expected observed

CMS
ATLAS

>1.1TeV >1.4TeV
>1.4TeV >1.3TeV

DISCRETE 2012, CMS overview, J. Varela

[CMS EXO-11-031, hep-ex 1206.1725]
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# of Events / 100 GeV
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- Boosted top events = Boosted tt_ :
Pioneered by CMS 5 ca _

N
‘ \‘
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Strong limits on Kaluza-Klein
gluons and Z' -like objects decaylng

to top pairs
CMS preliminary, 4.6 fb™! fs=7TeV —_ 102 KK Gluon Asslumption CMS Prellmmary, 4 6 fb atj\
UL LR BN B B RN BLRLELEL ELELRLALE AL R BRI E o o 2
- Ohserved 1 a —_— Observed (95A; CL) -
- 1 QCD background estimate - [0 Expected (95% CL) .
- N simulation | @ 10 .
g _______ Zn(1 TeVIc )0 4.5 pb E )E - + 1 S.d. Expected §
S P T S PO Z'(1.5 TeV/c )6=0.59pb I > + 2 s.d. Expected i
- P Z/(2 TeVic’) 6 = 0.1 pb 1 8 - P T
e Z'(3 TeVic?) o = 0.014 pb = 1 N, KK Gluon, Agashe et al=
= i — 3 E T '
& 18 f
B 1 a 107
-] =
1 — C
‘ : . N 107 ]
500 1000 1500 2000 2500 3000 3500 4000 4500 500(

Type 1+1 tt mass (GeV/c?)
DISCRETE 2012, CMS overview, J. Varela



« Search for dijet resonance in smoothly falling mass spectrum
— leading jet mass m;j > 0.9-1 TeV from trigger and other constraints
— Background estimated from smooth functional fit

< 10 g g
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« GMSB (SUSY) decays typically include many jets
« Selection: photon with Et > 100, three jets with pt > 35
— relaxed ECAL timing and shower-shape cuts

Er™iss and ECAL timing main discriminants _/’ ) —
|/ e
Much-improved sensitivity to long-lived neutralino IPF———-

CMS Preliminary 2011, 4.86 fb ™ \s=7TeV
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[CMS PAS EXO-11-035]
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Monojet and Monophoton

Look for missing energy and radiated jet
(photon)

q q_ > 7""]"-]"T]rr‘r[vvr"valrvYIYYl
’ 9 10°F cms RaARaA
o EW—,N
¥ X 0 106 \s=7TeV —p
£ IL dt=50fb" ] aco
» 10 I 2
q X q X b— —@— Data
8 104 """ OMA ~ 209 GoV, m = 1 GoV
Monojet Selection: 3 e ADO My 2TV

— Leading jet pT > 120 GeV, |n| < 2
— allow a second jet if not back-to-back -
— veto isolated leptons See,

s A
? o 4
s o

Backgrounds and Uncertainties O ER
— Z+ (jetsly) --> vv+(jetsly) 600 800 100
— W + (jetsly) --> lv+(jetsly) ET™ [GeV]

— smaller backgrounds from top, QCD, non-
collision

Missing Energy (ETmiss) to distinguish
signal
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Dark Matter and Monojets

Spin-independent couplings

Spin-dependent couplings
— Limits extend well below Direct
DM (DD) searches

— competitive at low masses
where nuclear recoil imposes a
threshold for detection in DD

case
[CMS EXO-11-059]
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Parton Luminosities
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