Status of CMS and
Recent Highlights

Markus Klute (MIT) for the CMS Collaboration
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LHC Performance

« 2010 pp @ 7 TeV: ~ 47pb™ delivered, L = 2x10°** cm™s™
. 2010 PbPb: ~ 10pb™ delivered
« 2011 pp @ 7 TeV: > 5fb* delivered, L = 3.7x10%* cm™?s™, 550 pb™ / week
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— _]: ! ! T 77—
‘I.‘_‘ — Delivered 5.31 ﬂ:\_1 _Ilﬂ' — Max Inst 3.69 nb-'s-!
-5 — Recorded 4.82 fb : a8 35— EEEEEEEEE EEEEEE b b
"""""""" c ; ; ; ;
| | : - 30 5 5 5 5
Physics shown here based il A o A S
on 2011 data with up to 1.6 fb™ : 2.5 R e s 1
N R S— * ----------- 2.0[ SR TR
2 s 15| R— R—
L0 [-ooeeeeeneioeenes T
1 [ R CITT EEPTPEERPPRI L o -CEERPPTIEEE EPRE PR PR R PRRRE .
g 0.5
0 | I I | u_% ! !
14103 26/08 02/0© 22107 0al02 1110 14/0 -;_ﬁfﬁ'x ngiﬂﬁ '1‘?.1“1

Markus Klute - MIT Berkeley Workshop 2011 - 10/19/2011 3



Challenges of High Luminosity

Evolution of trigger
threshold for single
non isolated leptons
vsinst. lumi

 Trigger

|||||||||

p; threshold (GeV)
R

22222 2E+31 2E+32 2E+33 SE+33
Inst. Lumi. (Hz cm-?)

Inclusive trigger threshold to high for many Higgs and SUSY
analysis

Dedicated signature trigger designed. Over 200 multi-object trigger
Including tau and b-jet trigger. Successfully deployed algorithm
such as particle flow in tau reconstruction

Challenging for low mass Higgs or SUSY searches
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Challenges of High Luminosity

 Pile-up

O(EOem)

e

« Additional pile-up interactions substantially affect

« MET resolution, jet energy scale/resolution and multiplicity, lepton isolation,
vertex reconstruction

« Developed several techniques to address pile-up
 Increased processing time (trigger, offline)
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CMS Performance

« Operational fraction per sub- s
detector ~ 99% colL o

Total weight : 12,500 t [
Overall diameter : 15 m

- Overall data taking efficiency Overallongh 216
~91%, ~84% with all systems
perfect

TRACKERs

« Improved uncertainty on pp
luminosity measurement ~4.5%

ECAL Scintillating PbWO,

CALORIMETERS

« Detector performance is ST Vo
approaching expectation

Total mass: 12500t
Overall diameter: 15m
Overall length:  22m
Magnetic Field: 3.8T
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CMS Publications

2010 Data 2011 Data
B Published B CWR Papers in Preparation | W PUB/CWR W PAS |
0 5 10 I5 20
0 5 10 I5 20 BPH |
o E— | B

5 submitted, 45 PAS
69 published, 7 in CWR, 18+ in preparation

e CMS reached 100 publications August 3rd

« https://itwiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
» http://cdsweb.cern.ch/collection/CMS
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Re-Discovery of SM in 2010/11 Data

Markus Klute - MIT
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no evidence for new physics yet
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Presentations at this Workshop

(Team CMS)

« Gheorghe Lungu: Searches for Jets + missing Et with no leptons at CMS
. Warren Andrews: Searches for Jets + missing Et with leptons at CMS

« Fedor Ratnikov: Searches for multi-lepton Production in CMS

« Joshua Thompson: SUSY Searches with b-jets in CMS

. Ulla Gebbert: SUSY Searches with Photons at CMS

. Maxwell Chertok: SUSY Searches with tau-leptons at CMS

. Jeff Temple: Stopped Gluino and Longlived Charged Sparticle Searches in CMS

. Hongliang Liu: SUSY Searches with Displaced Vertices in CMS

. Richard Carl Gray: CMS Searches for R-parity violating SUSY

. Hugues Louis Brun: Standard Model Higgs Boson Searches from CMS
. Roger Wolf: Beyond the SM Higgs Searches at CMS

. Eva Halkiadakis:  Searches for New Physics at CMS

Can only show highlights here!
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LHC Standard

CMS Experiment at LHC, CERN
i| Run 133875, Event 1228182

Lumi section: 16 =
Sat Apr 24 2010, 09:08:46 CEST

Muon p;=38.7 GeV/c

ME; = 37.9 GeV

Wopv ///_\\

CMS Experiment at LHC, CERN

VIO, | Run 135149, Event 125426133
Il Lumi section: 1345
/ - Sun May 09 2010, 05:24:09
Muon p=67.3, 50.6 GeV/c

—\\

W

Z - up

CMS Experiment at LHC, CERN
Run 133874, Event 21466935
Lumi section: 301

Sat Apr 24 2010, 05:19:21 CEST

Electron p = 35.6 GeV/c
MEt = 36.9 GeV
M =71.1 GeV/c?

W-ev
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CMS Experiment at LHC, CERN
:| Run 133877, Event 28405693
Lumi section: 387

Sat Apr 24 2010, 14:00:54 CEST

=

Electrons p=34.0,31.9 GeV/c
Inv. mass =91.2 GeV/c2
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. Experimental accuracy about 1%
. 4% luminosity largest uncertainty
. Most stringent test of theory comes from ratios of cross sections

Vector Boson Production

. Results consistent with NNLO calculations (qQCD+PDF)

CcMs . ‘ . 36 pb”’ aF Ns=7TeV
lumi. uncertainty: + 4%
oxB(W) —i— 0.987+0.009,,, +0.051,
ox B (W) —tad—i 0.982+0.009,,, +0.049,,
GxB(W) — i —i 0.993+0.010,, +0.056,
GxB(Z) —jol—| 1.003+ 0.010,,, +0.047
Ruz HoH 0.981+0.010,, +0.016,,
R,, ] 0.990 £ 0.011,,, + 0.037,,
06 08 1 12 14

Ratio (CMS/Theory)
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Lepton Charge Asymmetry

. Measured with electrons and muons

« Electron channel allows larger n coverage; charge
confusion due to bremsstrahlung more challenging

PAS EWK-11-005
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Muon Charge Asymmetry
o
N

o
i

Updated measurement in muon channel
Results provide new constraints on PDFs

CMS preliminary
T & r T ]

a(W")
oW )

A(n)

=1.431£0.05

Experimental quantity :

_de/dg(W* — (*v) —de/dy(W~

— [T7)

234 pb! at \'s=7TeV

i pT“ > 25 GeV . /i/ ... ‘ .. 'S s, -
- ‘/ i‘o' \\\
i W Sy /i" |
'_oé’; i
_____ " MCFM:
i !—'ﬂi"' " .- HERAPDF1.0 |
I === MSTW2008NLO .
— — CT10W

- e NNPDF2.1 (NLO) 7

] | |

0 1 2

Muon Pseudorapidity Il
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Access to Proton PDFs

T |CIMISIpre|ilrrl]ir|]al.rly T

o - - < L I . 3
W+c PAS EWK-11-013 S50 o oy Tov E

- Probing strange quark PDF B 80 E
c » ® Data
q>_) 702_ 3 w*+charm E
8 60 [ Jwr+light

- NN [
W 8 SOE [] other bekg.

£ 40F
> C
C

gluon 301"

Secondary vertex decay
length discriminator

R+c = o(W'c) / a(Wc) =0.92 +0.19(stat.) = 0.04(syst.)
Rc =o(Wc) /ao(W+tjets) =0.143 + 0.015(stat.) = 0.024(syst.)
NLO predictions:

R+c = 0.91+0.04 Rc =0.13+0.02

Markus Klute - MIT Berkeley Workshop 2011 - 10/19/2011
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Vector Bosons Plus Jets

CMS CMS
. I I T I [72] F I I I I I I 3
Test perturbatlve QCD % 10° i 36pb” at V= ?Te\fé s 36pb7 at V5= 7TeV 1
SR Mr>50GeV 5 10°F EF >30Gev 3
Important background to SM Higgs & 1o+, AT s [ T
boson and new physics searches % - 02 W o 3 é“’s Wy E
. I other backgrounds E =] B top ]
Measure for W and Z in electron e : € 10 B oterbackgoncs 3
and muon final state o E o 1
Measured rates and cross section ™ ' - ]
ratios ;
) ) 10
Test Berends-Giele scaling o 2 . : Q1sf .
% 1leasjsenraronsasnaas .o...".!¢¢§+++++++ +++++- +‘F :@ 1 e ]
g Ll , ) + ! Zost , , , , , , .
© 50 100 150 200 250 o 1 2 3 4 5 6
CMS leading jet Er [GeV] exclusive jet multiplicity
- |
_‘:i _1' 3 | 36pb” atl\I'E=?TeV 1
SETE Wopv 3 CMS 36 pb at Vs = 7 TeV
+|b i EjTﬂ:-SOGeV ] 1.5F 1 T T g 1 T T T
2 - —— ] oW +>njets) . gyn i
ol o2 - 3 G(W += (n+1)7ets) uicfn:r;g;ﬁéy
E : gﬁfeargy scale e e E 1 uiffn‘.;ig;i; | | ;D ﬁGefgégl'yns;:;l:lion matrix |
| 7@ unfolding " ——— - —> jet energy scale
10_3 - — MadGraphZ2 o —=> MG+D6T migration matrix
- e mﬂic;rggh D6T —?@é E .
B | 1 | i —— 05 n ] . -
a8 | | | | W —ev W —puv
,‘0_-5. 0. ® data % ® data
i o I o MadGraph 22 o MadGraph Z22
A& = stat. only 68% C.L. contours stat. only 68% GC.L. contours
+{n 0. 0] R O = [ccctttrtmmttmmmmmmmsmmmeesees —
=t -
TE | . | L L | | - L L]
© 1 2 3 4 4 4.5 5 55 4 4.5 5 5.5
inclusive jet multiplicity, n o o
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Vector Boson In Pairs

Probe tri-linear gauge coupling

channel CMS theory
- Indirect probe for New Physics
_ WW 626 events
. Broad agreement with theory 68% purity
. Shares final states with Higgs 55.3+3.3+6.913.3 4613 pb
searches (6% prec)
W<Z 75 events
89% purity
R — 17.0£2.4+1.1#1.0  17+1pb
L7 9 events
93% purity
3.811.4+0.2+£0.2 6.5+0.3 pb

2 leptons pairs

Z (p+p-) : m =94 GeV/c?
Z*(e+e-) : m = 65 GeV/c?

PAS EWK-11-010

Markus Klute - MIT Berkeley Workshop 2011 - 10/19/2011
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More Results with W and Z's

CMS preliminary

. . N 36 pb! al — _____ CMS preliminary
CMS preliminary 36pb'at %@ s
- - | S 10k Z s o
! lumi. uncertainty: +4%] L I ]
= 10%°¢ E
oxB(W) 0.988 £ 0.009 exp I 0ok 3
oxB(W") 0982+0017¢xp O_ € ol _
GXB( W ) 0993 * 0019 EXp < 10° —; :ﬁ\jio FEWZ+MSTW08 ]
GXB( Z ) 1 003 i 001 0 eXp F 105%_ uncenéinty on modeling 7
oxB(Z — 1t | . 1.029 + 0.097 r 15 30 60 120 200 800
( ) o/ exp « data (uncorrected) A M(up) [GeV]
oxB(Wry) i/, /7 B, 112120177 exp g5 — Z¥ > ‘{
R | L 1 1 1
oxB(Zy) —t g 0.969 £ 0.121xp 50100 650 500
oxB(WW) , . | 0.956  0.381exp M(uu) [GeVI
RW/Z [ 0981 + 0018 exp Tu F. 600_ L I L I B L L B BN L B B LB B I
R 0.994 + 0.013 gxp + S - CMS preliminary: L = 36pb’'@7 Tev f, :

_ | %) - f,-f,=0.310+0.036(stat.)+0.017(syst.) . f b
Wiet = ev o 0.894£ 0097 exp £ ( £ 500; f,=0.171:0.085(stat.)+0.099(syst.) A 1
Wiet = uv o 0.833+0.088 gyp+( @ ° 0

jet e —— : -~ exp -+ > N -EWK
Ziet — eea ; d : 0.992+0.199 oy + ¢ 1 4001 E
Ziet — M1 O . . ,  1.208+0.280 exp £ ( i .
ZpjetlZiet(— €€) 4y - — 1059+ 0281eptC 300 .
Zp it/ Ziet(— M1L) —y — 1.000 + 0.272 gy + + ]
sin%oy "'I" 0.989+ 0037 ot ¢ 2000 gy . g

| | P Heft handed:  yight handed.
0 5 1 1 5 100" e -
' . ' [ longitudingt ;... 3
Ratlo (CMS/Theory) or-ll-l: 1 | 1 1 1 [ 1 1 1 I 1 1 1 | 1 1 1 | 1 I...I...i.l:-ll::;

0 02 04 06 0.8 1 1.2

Lp(1*)
P
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Top Quark Physics

CMS Experiment at LHC, CERN

. LHC is a factory of top quarks (M Data recorded: Wed Jul 14 03:32:41 2010 CEST
25~ Run/Event: 140124 / 1749068

Lumi section: 3

« Cross section ~160pb

Multiple final states used in measurements
o di-lepton

. lepton+jets

. lepton+jets+b-tag

« all hadronic Je
« Top quark measurements use most physics object

. Leptons

. Jets and missing ET Jetp, =15

« Primary and secondary vertex (b-tagging) reconstructio
Systematic uncertainties usually dominated by

« JET/MET energy scale

« b-tagging efficiency

Top quark used as standard candle and is main
background to many searches

Markus Klute - MIT Berkeley Workshop 2011 - 10/19/2011 17



Top Quark Cross Section

« Lepton + jets channel with b tagging

. Binned likelihood with secondary vertex mass in
categories of jets and jets with b-tag

« Clean signal observed
« 7.5% uncertainty

oz = 164.4 + 2.8(stat.) & 11.9(syst.) = 7.4(lum.) pb

PAS TOP-11-003

CMS Preliminary \/s = 7 TeV Jf Ldt = 1.1 fb ", Muons

-9
(=]
o

(%]
(3]
o

M
(%]
o

# of events / 0.5 GeV
8
(=]

o8]
=1
o

150

2 Jets 2 Tags Muons
3 Jets 2 Tags Muons
4 Jets 2 Tags Muons
5 Jets 2 Tags Muons

100

50

50 5
Secondary Vertex Mass (GeV)

Berkeley Workshop 2011 - 10/19/2011

50 50
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Source Muon | Electron | Combined
Analysis | Analysis | Analysis
Quantity Uncertainty (%)
Lepton 1D /reco/trigger 3.4 3 3.4
Frresolution due to unclustered energy <1 <1 <1
tt+Hjets Q2 scale 2 2 2
ISR/FSR 2 2 2
ME to P3 matching 2 2 2
Pile-up 2.5 2.6 2.6
PDF 3.4 3.4 3.4
Profile Likelihood Parameter Uncertainty (%)
Jet energy scale and resolution 4.2 4.2 3.1
b-tag efficiency 3.3 3.4 2.4
W+jets Q2 scale 0.9 0.8 0.7
Combined 7.8 7.8 7.3

V
[
o
=)

# of events / 0.5 Ge

[ ™ ¥
s D O
e o o

CMS Preliminary s =7 TeV [ Ldt=0.8fb '1. Electrons

2 Jets 2 Tags Electrons

50

t

3 Jets 2 Tags Electrons

50

J

4 Jets 2 Tags Electrons

50

5 Jets 2 Tags Electrons

5
Secondary Vertex Mass (GeV)
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Top Quark Cross Section

CMS Preliminary \'s=7 TeV

T 164+ 3:1217

(val £ stat. + sys% + lum)

CMS e/u+jets+btag
TOP-11-003 (L=0.8-1.09/pb)

CMS dilepton (eeup,ep) 0 170+ 4+1% + 8

TOP-11-005 (L=1.14/fb)

CMS all-hadronic
TOP-11-007 (L=1.09/fb)

CMS dilepton (ut)
TOP-11-006 (L=1.09/fb)

(val £ stat. £ syst. £ lum)

40
136 +20+ % + 8

(val £ stat. £ syst. £+ lum)

149 +24 5% + 9

(val * stat. + syst. + lum)

CMS 2010 combination © "=  154+17 + 6
arXiv:1108.3773 (L=36/pb) (val £ tot. £ lum.)

CMS e/u+jets+btag =

150+ 9+17 + 6
arXiv:1108.3773 (L=36/pb)

(val * stat. + syst. + lum)

T 16818410+ 7

(val £ stat. + syst. + lum)

CMS dilepton (ee,uu,ep)
arXiv:1105.5661 (L=36/pb)

A= 73+ 14+ ¥ + 7

(val £ stat. £ syst. £ lum)

CMS e/utjets
arXiv:1106.0902 (L=36/pb)

Theory: Langenfeld, Moch, Uwer, Phys. Rev. D80 (2009) 054009
MSTW2008(N)NLO PDF,lscaIe® PDF(S|)0% C.L) unc<|ertainty

|
0 50 100 150 200 250 300

o(tt) (pb)
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Number of Events / 20 GeV

80

60

20
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Top Quark Properties

. Early top mass measurements
. Combined top mass measurement (mtp =173.7 £1.9 £ 2.7 GeV)

. Top mass from cross section measurement

« Consistent with Tevatron measurements

PAS TOP-10-009

CMS Preliminary, L = 36 pb™

200

300

—+— Data

M

N wolv
Single-Top

B Zy-IT
QcD

W + jets channel

400 500 600
Fitted Top Mass [GeV]

400

200

0

PAS TOP-11-008

CMS Preliminary, Vs=7 TeV, L=1.14 fb™

approx. NNLO x MSTWOSNNLO:
I Langenfeld et al.

Kidonakis

Ahrens et al.

Measured cross section
@ Cross section corrected for mP®'® (Langenfeld et al.)
t

Measured cross section dependence on m™°
1

] 1 1 ] | 1 ] ] 1 | ] L 1 ] | 1 1 ] 1 | ] ] L ]
140 150 160 170 180 190
mP°'® (GeV)
t
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u (d)

Observation of single top t-channel production

0 =86.3+30pb

Cross sections in agreement with expectation

Signature: lepton + ET™*° + b-jet + jet

Small signal extracted from large background with
multivariate analysis technique

Wt channel added (o = 22 *° 7 pb) with 2.1 fb™

PAS TOP-11-022

t

Markus Klute - MIT

CMS Preliminary,\s=7 TeV, L=35.9 pb‘1

—_——
2D, u channel 1081+ 52
—_—
2D, e channel 1542+ 454
e & a——
BDT, it channel 89.8+ 404
[ E—

BDT, e channel 50.2+ 7%
'_._' 481
2D, e+ channel 1242+ 10y

BDT, e+u channel . 78.7 £392

CMS combination * 836350

\ \ \ | | \
-100 -50 0 50 100 150 200

Single Top t-Channel Production Cross Section [pb]

Events

o/pb

Single Top Quarks

CMS Prellmlnary 36 pb1 s=7 TeV

-1

PAS TO 10 008

-0.8-06-04-02 0 02 04 06 0.8
BDT outpu

t-channel single top quark production

T * data

It channel
s channel
Ctw

Ot

Ewbb

B Wce

BEwc
mW+light jets
W Z+jets

— L

‘102;

] — 1 ]
B CMS Preliminary, 35.9 pb™!
¥ Do

® CDF
NLO 5f
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Higgs Searches at the LH

1

T80 200
Higgs Mass (GeV/c’)

T60

. Event yields can be modified and additional
channels are possible in models beyond

production or decay of the Higgs boson (e.g.

. Couplings can be modified (e.g. fermiophobic

R o)
Combined effort by g 7 \s=7TeV R ke
ATLAS, CMS and <0 El -
+ g =
theory f 1 2
“Handbook of LHC 2 1 - o il
Higgs Cross Sections” 3% ]
arXiv:1101.0593 . i
2" part in works to
discuss differential - 102
cross sections 0%
100 200 300 400 500 . __ 1000
M, [GeV]
included ~ Mass range (GeV) [ Status, Comments 103 ———ks
N\ 115-150 Challenging.
VBFH-> 1t 115-145 Results with 2010 data. Breaking
new ground
VH, H>bb (highly 115-125
boosted) the SM
VH, HOWWlvij 130-200 pestilte with 2010 dats. Work . Modified particle content can change
HOWW212y + 0/1 jets 120-600 o for 120-200 GeV, large
VBF HOWW 212y 130-500 4™ generation models)
H->ZZ7Z->41 120-600 The golden channel. Low bkgr
but low yield models)
H>Z7Z-2>212v 200-600 Major bkgr is diboson and top. ] . -
HSZZ3212h 300-600 Profits from jet, MET reco and . nggs sector is modified

good b-tagging

modified from K. Hoepfner

Markus Klute - MIT
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More complex models

_ Two Higgs doublet models (2HDM)
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H— vy

No E_CMS preliminary —— EB)lflaMod |
%- 350[\s=7TeVL=166 fo! ; ﬂi e
. . H 2o
« 2 isolated photons with Pt > 40, 30 GeV O 300 A1 oseoores o —e— 5xSM m, =120 GeV

. Divide data in categories based on mass
resolution

« Background shape fitted in each category

ET: 86 GeV ?0:0 — 120 — 140 — 160
m,, (GeV/c?)

Observed CLs Limit

~ CMs preliminary i
Bl g=7TevL=166f"
" ; ] P mmme Observed Bayesian Limit
16 :.. . ..........
: : e Median Expected CLs Limit

- + 16 Expected CLs
\:| + 20 Expected CLs

ET= 56 GeV : e

%Gy

Ll [ ) T
145 150
my, (GeVic?)
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@ - TT

. Studied Tu+Thad, Tp+Te and Te+Thad channels

No excess observed in visible di-t mass spectrum
Z boson production irreducible background

Limits on cross section and MSSM [tan3,mA] exclusion

PAS HIG-11-020

545 | T T T T | T T
w0 : ; . . ; 60
[ CMS Preliminary
-_ 4{) ........................................ g .......................... T]{fﬁ?‘ﬁgﬁ?“féﬂ* ........ : .................
g 5 A— 95% CL LimitS.............oc....
O —e— Observed
d 11| SS— .......................... ----Expected-t--flc? ................
5 . Expected + 26
% p 1] S — ............................................ ............................................ ................. ' e
o c
20 S F
15 —
10 ;
5
L L L L I L L L L I [ L L L I [ L
?10 120 130 140 100 150
m, [GeV]
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TRITTA SM q
H H
¢ H_ __.f
TRITTITTA q
T MSSM woossos——— b
H
>_-’—-- [
— TOe———— b

CMS Preliminary 2011 1.6 fb™

95% CL excluded regions

o ] CMS observed
...... +1c theory
........... CMS expected

I Do 7.3 b

0 LEP
MSSM m™ scenario, M =1TeV
SUSsY

200 250 300 250 400

m, [GeV]

450 500
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95% CL limit on6/cg,,

—

100 200

—
o
l.a.n. el

Grand SM Combination

Combined, L

" CMS Prellmlnary \Ns=7TeV

_111?fb‘

AN

| Obsewed

5 Expected+ 1o
....... Expected + 2¢

< /| LEP excluded

weet V7] Tevatron excluded |

PAS HIG-11-022

* not yet updated for H- 11

Low mass region extremely challenging

Markus Klute - MIT
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Grand SM Combination

H— ZZ—}EI

—
o

= 2| “Combined observed

b 10 Combined expected ]

< H— bb (11167 |]

O H— 1t (1169 |

c H— vy (1.7f7% |

o H— WW (15M7%) |]
HoZZ—»4 (171"

= HoZZ - 212t (11 1o

= H—ZZ —212q (1.6

= (1.6 fb"

—

@

o

o~

D

(0

L | | I.JlI.ILi]ll.lllLIl'.llLlIJIJ]l.lJIli]lll

100 200 300 400 500 600
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Higgs Summary

CMS searches for the Higgs boson in many different channels
No SM Higgs signal observed in the [110-600] GeV mass range

A wide range of mass excluded at 95% CL.:
« SM: [145-216], [226-288] & [310-400] GeV
* Fermiophobic: [110-112] GeV
* 4th generation SM: [250-550] GeV

e MSSM [tan3, ma]
The expected SM exclusion range is [130-440] GeV

The experimentally difficult low mass region not fully probed

Markus Klute - MIT Berkeley Workshop 2011 - 10/19/2011
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Beyond the Standard Model

« SUSY search strategy uses inclusive topology

O-leptons | 1-lepton OSDL SSDL |23 leptons |2-photons | y+lepton
Jets + MET Single Opposite- | Same-sign | Multi-lepton | Di-photon + Photon +
lepton + sign di- di-lepton + jet+ MET lepton +
Jets + MET |lepton + jets | jets + MET MET
+ MET

Markus Klute - MIT

Interpretation model dependent

Establish data driven estimates of backgrounds

Berkeley Workshop 2011 - 10/19/2011

We do not know where SUSY is hiding, so we look everywhere

Multiple approaches within each category, as well as several search regions




Interpretation in the CMSSM

\s=7TeV,[Ldt=1.11fb"

CMS Preliminary

< 700 1 I — I —

_&2 (% — 2011 Limits - CDF "g",a', tanp=5, u<0 —

-J —

% 600 I -=-2010 Limits DO 2,7, tanB=3,u<0
g tanp =10, A0=O, u>0 LEP2 %,
< . LEP2 T*

=
Jets+MHT

IIII<IIIII|IIII

I|IIIIIIIII|IIII|IIII|IIII

400 2(1000)Ge
300
v -:' { * o.
- ""u i G - * -
200 S * . Wbt Ll LT PPV ...
-" Vi e i g (500)Gev\
1 | 1 1 | I 1 | 1 | 1 | | i
0 200 400 600 800 1000
2
m, (GeV/c?)

For equal squark and gluinos masses, this plot excludes ~ 1.2 TeV
Markus Klute - MIT Berkeley Workshop 2011 - 10/19/2011



arXiv:1105.2838

Sensitivity varies based on

assumption and analysis
Markus Klute - MIT

Simplified Models

Ranges of exclusion limits for gluinos and squarks, varying m(io)

CMS preliminary
IIII!IIIIIIIIlIIIIIIII IIII|IIII
T1; o, 1.1 tb”, gluino
9—>qqx

Ti, | MT2,1.1b7, gluino
g—aqx

Tibbbb: [ MT2, 1.1 fb”, gluino
g—bb¥ x

T1inu: di-leptonic same sign, 0.98 fb", gluino
§—oaqx
T1Lh, | di-leptonic opposite sign, 0.98 fb”, gluino
g— qqx g—aqx

_ Tszz, | JZB,0.191 fb”, gluino
§—aax,

T52z, | Z+E;, 0.98 fb”, gluino
g—aqx,
| I || | I | | | | | | 1111 | 1111 | | |

q—>QX

100 200 300 400 500 600 700 800 900

1000

Mass scales (GeV/c?)

For limits on m(g), m(g) >> m(g) (and vice versa).c

~ 0
m(i), m(z) = ML),

Berkeley Workshop 2011 - 10/19/2011
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m(y) is varied from 0 GeV/c? (dark blue) to m(g)-200 GeV/c? (light blue).



Further Beyond the Standard Model

95% CL exclusion limits
Z'SSM Il

7' |
GKK Il k/M =0.1
GKK "" k/M = 0.1
GKK Il k/M = 0.05
GKK "" k/M = 0.05
W' 14

W' dijet

WR, MNR < 1.0 TeV
W'l WZ

$TC

Mb', b’ " W, Hjets
Mt’, 1" " 1Z (100%)

M, ' " bW (100%), I+jets

Mt', ' " bW (100%), I+]
gluino, HSCP

gluino, Stopped Gluino
stop, HSCP

stop, Stopped Gluino
stau, HSCP
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Hedvy
Resonances

4th
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LQ2, (=1.0(2010)

TeV
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Extra
Dimension

6 eV
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Conclusion

LHC and CMS performance is spectacular

Very rich physics program with first fbo™

« SM: reaching precision era, inclusive measurements, complemented by differential and
double-differential measurements

« Higgs: no evidence so far

« SUSY and Exotica: sensitivity to squark and gluinos mass in range of 0.5-1 TeV, many
resonant and non-resonant signals sought

Unfortunately, with 1fb™* no new physics was found

Keep your seatbelt fastened. Already ~5fb™ delivered to CMS

Many interesting results not mentioned, i.e B-physics, QCD, forward physics, heavy
lons. See complete list and references at

« https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults

Markus Klute - MIT Berkeley Workshop 2011 - 10/19/2011 32
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