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Results from the first year of data taking

a Performance of the CMS detector

a SUSY and Exaotics results using 2010 data

Q Conclusions
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rei.  Compact Miuon Solenoid

of world class science

Plastic scintilator/ | |Total weight: 12,500 t

brass sandwich Overall diameter: 15 m
Overall length: 21.6 m
Magnetic field: 4 T

Barrel
Drift tubes (DT)
Tracker Resistive plate
chambers (RPC)
Si microstrips ECAL
Pixels Scintillating Endcaps
PHWO, Cathode Strip
crystals Chambers (CSC)
Resistive plate
Iron yoke chambers (RPC)
Person!
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RA CMS performance

Total Integrated Luminosity 2010 (Mar 30 10:00 UTC - Nov 09 13:54 UTC)
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Before cleaning
After ECAL noise cleaning

After HF noise cleaning

After HB+HE noise filtering

Comparison of data and MC in
events with at least 2 jets. Particle
Flow algorithm illustrated here.

Effect of cleaning noise sources from events.
Minimum bias events.
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Good agreement with expectations
for inclusive jet cross sections. Implies
energy scale well measured.
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Electrons and Muons
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RAL SUSY searches

f I I

O Squark, gluino production dominant
O Cross section depends on mass

U Typical decay chain give a signature
of missing energy, jets, leptons.

0 Numerous models lead to this type of
signature.

CMS strategy

O Focus on a set of simple signatures not specific physics models

O Backgrounds measured using the data — do not rely on MC.
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SUSY analyses

0-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

a Jets + MET Largest potential sensitivity but backgrounds hardest to handle

Q Add leptons (increasingly) suppresses backgrounds to very clean (= 3 leptons)

Q Photons useful for gauge mediated models.

Q Add lepton reduces background again

a Non MET based searches also possible (e.g. Split-SUSY see later)

Use of variety of data based methods for determining backgrounds key feature

Cambridge 2011
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RA Hadronic SUSY search

ln :I T I T T 1 T ‘ T 1 T 1 [ T 1 T 1
S, & CMS 2 Jets :
810 s 1 & Jet
5 | det=35pb Ns=7TeV // LSP  Lsp
5105'2_ * Data
@ S Standard Model
10°L —— QCD Multijet
g — t, W, Z + Jets \ BACKGROUND ;
- —— LMO /Jet topology (QCD) Jet SIGNAL:opoIog} jet
100 4 | e LM1
102
g Esz ETﬂ/Ele
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10F o | My, A2(1-cosAg)
1; i § —~ ¢
11 Sy \L!
I NN N If back-to-back o, = 1/2
-1 i ig\‘ki\ N T
107°E \\ \

a Two leading jets E;+ > 100 GeV, leading | n | < 2.5

(If > 2 jets E; > 50 GeV then combined into 2 pseudo-jets)
Q Veto events with e,p,y
Q Hy (2E7ets))> 390 GeV and a>0.55
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. Background Estimates

Background estimated from data using two approaches
( Main backgrounds QCD, W+jets, ttbar, Z(vv)+jets )

Q Estimate of total background
- Use H; in regions not used for search to extrapolate to search region

Q Estimate of SM background with missing energy
- WHjets, ttbar. Use W(uv) + jets control sample and MC scaling

~- Z(vv)+jets
MET
; "\ y + jets
hoiA Strength: large statistics

Z _ y and clean at high Et

" Weakness: background at
low Er, theoretical errors
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Background estimate

cMms e Data, o; > 0.51
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Cambridge 2011

R,t = No. Pass (i.e. a; > X)
No. Fail (i.e. o < X)

Use low H+ ., (N0 signal) to extrapolate to high

For missmeasured QCD expect R ; to falls with H;
Resolution improves.

For EWK real MET expect Rt to be flat.

Predicts 9.4 *48 , (stat.) =1.0 (syst.)

Observe 13 events in data
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fwl

CMS Prellmmary L -35 pb \s 7TeV

— 500
E }“sp £55 NLO Otmarvad i W 7 } Performed in all leptonic channels
-~ -+ NLO limit (efficiency model .
4001 { | E;'ZP;X; 1  same and diff flavour
B tanp =3, A_=0, sign() >0 S :
300/ { Signal very suppressed in SM
= ‘ 1 ttbar (W, b decay), QCD
200 ’/5:.00}6‘@;,» 7 (500)Gey ]
] ] Background estimated using tight
1001 vS. loose lepton selection
0 100 200 300 400 500
m, (GeV)
3 CMS Preliminary sqrt(s)=7 TeV [Ldt=35 pb’
| . ObSEFVil:' two fake leptons ] " [ .
ggp I Limit calculated using fast MC and generator
z- : level plus parametrized efficiencies. (dashed

vs. solid)

Events

Enables easy extrapolating to other models.

Lept Trig Lept Trig HT Trig HT Trig
MET=>80 HT>200 leptons taus
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RAL SUSY summary

%%%%%%%%%%%%%%%%

\s=7TeV

CMS preliminary L _ =36 pb”
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300 = |
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RAL Nice events

of world class science

CMS Experiment at LHC, CERN

Data recorded: Tue Oct 26 07:13:54 2010 CEST
\| Run/Event: 148953 / 70626194

| Lumi section: 49

CMS

A\
< AY
)
CMS Experiment at LHC, CERN
Data recorded: Mon Sep 27 21:46:18 2010 EDT
Run/Event: 146804 / 268844833
Lumi section: 318

Jet pT: 393 GeV

Jet pT: 468 GeV

R .

Jet pT: 57 GeV 4

|
s Jel pT: 214 GeV/|
JetpT:34Gev| /

MHT: 693 GeV
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O New physics searches (not KK I M = 0.1

standard SUSY) W’ Iv

GKK vy k/M = 0.1

0 Large number of analyses M, vy, GRW

Ms, pp, GRW

) MD, monojet, nED =2

Q Signature often unusual LQ1, B=0.5

requires something special to be LQ1, B=1.0

done Laz,B=05 B cMms

Me W!th N=2TeV Il Tevatron or ATLAS

Mp* with A = 2 TeV

O Results better than or close to  Mg*, boosted z

best other results. Ma*, jj mass (3 pb-1)

b’ = twW

gluino mass (3 pb-1)

stopped gluino mass

0 0.5 1 15 2 25 3 Tev

Summary of CMS results vs rest of world
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Di-lepton Resonance

Q Search for bump in di-lepton spectra
Q Fit distribution in data

QO Fakes for electrons from data

Q Non-DY leptons checked using e-u

q
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e
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w
T T

10 [
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S
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. . T
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oE T ;
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10

102

. g
10 800 1000

m(uu’) [GeV]
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Di-photon searches

Search for deviation from SM either as a resonance or conti~ " 012

Warped Extra dimensions
RS graviton Spin-2 object. ( BR = 2x(Br(ee or
Limits 371 GeV—- 945 GeV

(coupling param k/Mp, (0.01-0.1)

1.6-2.3 TeV

Cambridge 2011

LED ( ADD). Close states -> continuum deviation
Signal region ¢ < 0.118 pb@95% C.L.
Limits on model parameters M, (U.V. cut off)

Owa— Osu T NeOm T Nez0eo
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W’ search

Events

Events

108

CMS

10* fL dt = 36.1 pb”

Vs=

105200 400 600 800 1000 1200 1200

7 TeV

T T T T T
:I W-ev

- Multi-jet

L8

J Other Bkgs

* Data

W' (M=0.9 TeV/c?)

-« W' (M=1.1 TeV/c?)
W' (M=1.3 TeV/c?)

M, (GeV/c?)

102

™
CMs

Ns=7TeV

det =36 pb”

uv

T
T

S Woauv
~— Other SM backgrounds
* Data
— W' (m_=1.0TeV)
- W' (m_=1.4Tev)

BR(W'— e / u +v) (pb)

{ —— 95% observed limit Muon
——— 95% observed limit Electron
95% observed limit Combined
95% expected limit Combined

Theoretical Cross Section

0

Cambridge 2011
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800 1000 1200 1400 1600 1800 2000

W' mass (GeV)

*  Bump hunt in M (lv) spectrum
My = \[2BL Episs[1 — cos Ag(€, Epi=*)]

* No significant deviation from SM, set limits

CMS limits (36 pb1)
ev 1.36 TeV
uv 1.4 TeV

ev+uv | 1.58 TeV

Published CDF/D0 limits
CDF, ev, 5.3 fb!:

M(W*) > 1.12 TeV

DO, ev, 1 fb!:

M(W) > 1 TeV
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Lepto-quarks

1t gen LQs — eegjj+evjj channels

Can decay to g¢ (qv)

Generations treated separately LQ1, LQ2

Number of events / bin

Scalar sum E; of 2¢ + 2jet used as

discriminant
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o.gé ____ | .
0.8/ | 3
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0.6/ e E
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015 g vl
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RA Black Holes
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Events / 100 GeV

:E 1w’ F | T T T =
. . T . =2 F . . E
Look for an excess in high multiplicity final states. > *Eq CMS Simulation |
E 10° b '_!., Js=7 TeV .
o ' =
QCD background estimated using S; variable. < | Qco Pythia 6
_ . . . i — N=2 -
= Y E; (inc. Eqs) for all objects with E;> 50 GeV il N =3 1
: — N=5&
Use low mult samples to predict backgrounds i i
Limit in ADD model - My, “true” Planck scale o°f E'r}ﬁ;
| 0~ ioeo 006 4000 4000 5000
T e B e 3 S, GV
M= 05 Te M =30 Ta¥, m =8 E 10 - M= L5 TAV, M~ = 30 ToV, n =8 T CMS, 35 pb
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10 M = 3.0 ToV, '.'“ =30 TaV, w2 _,E -.-:__;.um-:,:.-::: A0 Ted ned T
e 17 .- n==6
Ceirin 14 | % -
- 10 i E 4 n=4 T
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RAL Long Lived Particles

* Split-SUSY model - Search for

®* Massive slow particle. charged R-hadrons
* dE/dx ~ 1/ from Si tracker ®* No events pass selections
® Use p find mass. ® Gluino (f =0.1 gluon state) > 398 GeV

CMS \s=7TeV 3.1pb”

CMS \s=7TeV 3.1pb-

Tracker - Only
= MC-g200
4+ MC-QCD
v Data

" PR, 5% C.L. Limit:

Theoretical Prediction 95% C.L. Limits

—&— gluino; 10% Gg

o gluino (NLO+NLL) —— gluino; 50% §g

—#— gluino; 10% §g; ch. supp
—u— stop

stop (NLO+NLL)

—&— stop; ch. suppr.

~ dE/dx

Cambridge 2011 C.H. Shepherd-Themistocleous - RAL



. L »
y 1957
2007

Celebrating 50 years
of world class science

§ ety . oAL Charged heavy particles can stop in the detector.
> 600 niz & Ve ¢ b . ) .
2ol | Signals searched for in the beam off periods of
% detector operation.
21200 - b
§ of ] Specific trigger beam gaps.
2001 ; ] Suppress main background from cosmic rays,
O0F R Ty e, T e ] beam halo, and HCAL noise
-600 | - .

M, > 382 GeV, t =
M, > 370 GeV, t =

10 us
10 - 1000 pus

-800 ! L L ! L I
-800 -600 -400 -200 O 200 400 600 800
Stopped Point X [cm]
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E [T T T T T T i " T T T T T T
[o} - [Ldt=100pb" 95% C.L. Limits: = r — T =
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cié 10% F L™ 2 1 x 10%2 em2s! [ Expected =1o: Counti'ng Exp. i Ci,-\ e O Expected: 10,‘us - 1000 s Counting I.Exp.
E inst Expected 2a: Counting Exp. ] é 10* fling =1Xx 107 cm?s? [N Expected +10: 10 us - 1000 s Counting Exp. —
T - Obs.: Counting Exp. ] T ‘ Expected +20: 10 us - 1000 s Counting Exp. ]
) [ Vs =7TeV ~.-.~.~ Obs.: Counting Exp. (Neutral R-Baryon) 1 o [Vs=7TeV - Obs.: 10 s - 1000 s Counting Exp. (EM ony)
o [ 2 mrmimem Obs.: Counting Exp. (EM only) 7 = - . = 100 GeV/? Obs.: 10 us - 1000 s Counting Exp.
m 103 | M mi° =100 GeVie « Obs.: Timing Profile S % 3 Mg~ My SVIE Obs.: 10 us Timing Profile
3 , 10 7
X s X ;//
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. o 10
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B 5}
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RAL Excited leptons

of world class science

Production
A -1 _— -1
contact Decay o i CMSPreliminary 7Te 36pb" | CMS Preliminary 7TeV 36pb"
interaction S * Data 12 ¢ « Data
@ 10k I:I eey _ o 10 I:| MY _
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Gauge interaction

1 2 7, S e ¥
Lirans = ﬁf,‘zf"’h (g»ﬁ E(-’l“ = g gfiwm *gf EBiu)_f.'

* Complementary to q*-2jj decay channel
* Search for bump/deviations in Z p, spectrum

* No deviation from SM prediction, set limits

Gauge Interactions Contact Interactions

10"
M, =A, f=f'=f=1 Mq*=A,f=f'=1

M, >091 TeV M, >1.17 TeV
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B e E
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Mono-jets (ADD)

Events / 25 GeV/c

*  One high p; jet + large MET + no leptons

*  Suppress cosmic/beam halo/instrumental backgrounds

* Backgrounds Z(vv)tjets, W(lv)+jets dominate. Est. from W+jets sample

* Data consistent with SM, set limits on M, vs

Npara 275 Mp= “True” Planck scale
Npkg (data-driven) 297 +/- 45 d = number of extra
dimensions
Ngiona(Mp=2,0=2) 115.2
1045 LN O O IO S P | L LA > 4 LY RAZEN LEAES REERY RARA
- CMS Preliminary [z o 10°F CMS Prehmmary Ez-w E
” [ JLo-38 pb” at\s=7 TeV :r{v—ﬂv i (OD 3: L ot = 36 pb" at\E=7 TeV ::;V—-h- :
- MC background 5% { T 10°c MC background 9 E
- shown -~ ADD My252 £ | shown -+~ ADD My282
10%E - * Data - % ® Data N
E o = > E
F w
10F E
1? . -
10'1; . - F.' ﬂ ..;z
0 100 200 300 400 500 600 150 200 250 300 350 400 450 500 550 600 650
miss
(Jet1) [GeV/c] E™*® [GeV]
Cambridge 2011 C.H. Shepherd-Themistocleous - RAL

P

gluon

L

. : b
£1 ElV]tO/ll/

L/
MET

CMS limits on M, (36 pb™")

) With K-Factor** No K-Factor
2 2.37 TeV 2.16 TeV
3 1.98 TeV 1.83 TeV
4 1.77 TeV 1.67 TeV
** =15 (1.4) for 5=2,3 (4)

d CDF LEP

2 1.4 TeV 1.6 TeV

3 1.15TeV 1.2 TeV

4 1.04 TeV 0.94 TeV




AL Lepton jets

Simulation ! .
~ K (CMS)

I-/'

M(uw) background shape from
control sample of data at low P

Then look at high P...

Cambridge 2011

These are the backgrounds ———>

Hidden sector contains a new low mass
particle (m, ~ few GeV)

It decays into SM pairs (i.e. uu)

Collimated groups of di-muons [puy]

*  opposite charge, m,,<9 GeV, consistent vertex

Search for new uu resonances in various
event topologies: [uu], [un][uu], etc.

Events/GeV

CMS Preliminary

\s=7TeV, L =40pb

1E

10°
! " u*n- mass (GeV/c?)
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Lepton jets

Events / (0.095 GeV )

Simulation !
(CMS)

i)

CMS Preliminary 2010 \s=7 TeV L, l-35 pb’'

i T ] T 7T 'I TT1T ] TT7T I L T TT7T T TTTT [ [ TT T TI1 17T ] TT 7T TE
40F di-u+X -
- +— observed data ]
35 predicted BG shape l E
30F JIW &
25F l/ =
20 g
15 E
10 =
5k + =

:I L l il Il J L l+‘] 1 l Ll A l Ll L1 L L1 l Ll L + ] :

05 1

Cambridge 2011

152253354455

m(uw), GeV/c?
C.H. Shepherd-Themistocleous - RAL

No new pu resonance seen

Set model independent upper limits

on 0 X BR x a (~0.1-0.5 pb)

Verified sensitivity in various

benchmark models (ex. NMSSM

Higgs, MSSM + ypsrk)

CMS Prellmmary 2010 \JS_T TeV Lmt_35 pb B

T — T
95% CL Upper Limit
—— R}: di-u + X

d|p+d|u+x

—— Rl.quad u+X

o O o o

.8
v
B
5

oxBRxa, ., pb

1 ‘ 1 1 l 1 ‘ 11 ‘ 1 1 l 1 ‘

25 3 35

"4 45 5
m(y d), GeV/cA2
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Lepton jets

CMS Preliminary 2010 \'s=7 TeV L, =35 pb"
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RA Other analyses...

Analyses not discussed
Q Di-jet resonances
Q ttbar resonances
Q 4th Generation

d...
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Higgs

Over next two years Higgs searches become interesting

—
<

1

Significance of Observation (o)

=
Preas
B 107 ¢

c
@) L
- i
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© 10}
2 g
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CMS Preliminary: Oct 2010

Projected 95% CL Limit on 6/c,,

— Comblned

—— WW(212v)+0j

0
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1
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1

1
1" @7 TeV ey -~ WW(212v)+1j
—— V(bb)-boosted o VBF(WW)—» 212v
L VBF(D e
—— W(WW)-> IvIvij (SS) - - - ZZ 212v

-~ ZOWW) (I)(V)(i)) - ZZ-> 212b
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/\ CMS Preliminary: Oct 2010 a
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Projected Significance of Observation ]

00 150 200 250 300 350 400 450 500 550 600
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10 F————————
- CMS Preliminary: Qct 2010
ke Projected 95% CL Limit on o/cg,
B = — Com ne: — ;V +0j |
c 1P smi@rTey  ThETm e
et F —— V(bb)-boosted < VBF(WW) - 212v
= P T A R VBF(t1) — 224
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o | | ' '
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83 1 B
10" Pl ; ; : :
200 300 400 500 600
Higgs mass, m, [GeV/c?]
ATLAS + CMS 95% CL 3o sensitivity | 5o sensitivity
5 2 x CMS exclusion
1fb? 120 - 530 135 - 475 152-175
2 fb? 114 - 585 120 - 545 140 - 200
5 fb? 114 - 600 114 - 600 128 - 482
10 b 114 - 600 114 - 600 117 - 535
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Ly Parameter gt  gi gt  gh gt gh  gv g

Ex (g = 0.462) ]

L)y, 0 D 0316 -0.632 0.316 (632 0.316 (.474 0.474 U(1) = cos® U(1), + sind L7{1}
E{ 1)y .57 D D408 0 0408 0 0408 0.204 0.204 X LA
{1}y 0.2 0 0516 -0U387 -00128 (38T -0.120 (0.129 0.129

E(1)s 0.120= 0 0120 0581 0.452 0.581 00452 0516 0.516

L 1)r 0-21x b0 05 -5 05 05 05 .05 Lz, = cosd Tx 4 g5ind T..
E{1) {hA2x b 0316 -0.158 0474 01568 0474 0.316 0.316

GLR (g = 0.585) &

T 0 05 -05 .05 05 05 05 0 0

Uilg-i ber 0333 0 0333 0 .1 D 05 0.5 R ! L g .
U1 )L —0.128x (L3209 -046 0591 046 QU068 046 (L1856 0.196 Qorr=cos¢ Thr +eing Te_L,
L1} (L.235x 0433 -05 D167 05 -15 05 -5 .05

GEM (g = 0.TE0) o

(1) e —0.07T2x .19 05 -7 0.5 -003ET 05 D5 05 .
T 0 05 s 05 05 05 <05 05 05 Qosy = cosa Thy + sina O,
Uil)g Dir 1333 0 -0BS6 0 <20 D 0 0

In these models one envisages that at the GUT scale the gauge group is By, The gauge group Ky is broken at the
GUT scale to SO(10) and a U7(1)y gauge group,

Eg — SO(10) = U(1)y. (111.1)
The S0 10) is further broken at the GUT scale to SU(S) and a L7{1}, gauge group,
S0O{10) — SU{B) = U(1),. (111.2)
Finally the SL7{5) is broken at the GUT scale to the Standard Model (SM) gauge group,
SUB) = SU(3)e = SU(2) . = U1y (111.3)
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Compact Muon Solenoid

’ 5
b’>tW and ttbar Resonances - {8 -
47(? ] /eQ
RyLb
Pair produced b>2>tW->WWb *  Bump hunt in M(ttbar) spectrum
* Like-sign dilepton and trilepton (e,u) * Leptontjets channels (e and w)
) a0 _
decays + jets (BR=7.3%) «  No bump seen in data
*  Npackgrouna = 0.3 /- 0.2 events (tt+jets) «  Set limits, competitive with Tevatron
L ]
0 events observed u, >-4jets >=2 btags e, >=4jets, >=1 btags
. c:‘?_ 18 ,CMS Pre\lmmary — D la I - niL_) . Cf‘\AS Prelliminary ' +— Data ' -
d rXIV: 1 102 -4746, % 16 g ﬁipgjeal‘s.\ZSZb?—;leg\; I-g:-ixl\ (+ Ilth|Els|€ % 25 ?21’)2-;515,\:1:;;:; HSEP-H . \igmwmé
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Similar to a new CDF limit Ol o e

of 372 GeV, arXiv:1101 5728 5(4 8 fb:

2 m,. [TeV/c?]
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ADD di-u di-y

Theory Parameters:

Mg = UV cutoff in 0
n = number of ED

Events/20 GeV

Look for excess at high mass in yy or pu spectrum

| Dijet

y+jet

Diphoton
........ M; =1.2 Tev, n,= 5
........ M; =1.5TeV, nED=2
—— Data

34pb'atVs=7Tev |

CMS Preliminary

No event observed with M, (M,,,,) >500 (600) GeV

A I
300 400

500 600 700 800 900 1000

EXO-10-026 m,, (GeV/c?)

CMS preliminary Vs = 7TeV,I L dt =40 pb™

Set lower limits on Mg (TeV) vs n

LANNLINL B B B B L B B B B N B B B N

GRW | Hewett

| Pos. Neg. Bl ADD,A;=1.6TeV

—e— Data

- A A
L LI

3

-—

Events /(20 GeV/c?)
o

Ay [TeV] (GRW) M [TeV/c?] (HLZ)

n=3 n=4 n=5 n==6

Truncated

Zy*— pp
it

First Public
Presentation
of this Result

MR BT
500 1000 1500 2000 2500
EXO-10-020 M, , [GeVic?]

Extend Tevatron limits in all but the ng.;=2 case
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=i Search potential wrt Tevatron

Y
of world class science

Ratio of int. luminosities LHC (40 pb-"/TEV (5fb-1) ~ 1/100

For ratios of parton luminosities > 100 LHC wins (F" of initial state)
LHC (7 & 10 TeV) vs. Tevatron

LI

p—t i
o o
h =

1 1
Sy,

[a—y
o-ll
T

Production of
massive objects

Pair production of
Intermediate mass

Parton Luminosity Ratio
[
=)
[#5)

particles from —_— >~1TeV
dJ9, 99, qq 10%F
10'
10°F L
0 500 1000 1500

Bauer et al., Phys. Lett. B 690, 280 (2010)
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Di-jet

Mass spectrum — resonances

Jet energy scale important

Fit function describing background
to data

2
T

[ I
—+— CMS Data (2.9 pb™) 4:
— Fit 1
[ 10% JES Uncertainty =
---- QCD Pythia + CMS Simulation 3
--- Excited Quark =
— - String Vs=7TeV E

hl<258&lAnl <13

%' TTTT

do/dm (pb/GeV)
q)

: ””\\5(1 TeV)

107F R
102
10°%F
10“E

500 2000
Dijet Mass (GeV)
Excited g>1.58 TeV  String res. > 2.5 TeV

L il | 1 L L il I 1 L
500 1000

Cambridge 2011
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1
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Angular distribution — contact interactions

QCD peaked large n. NP different

Centrality Ratio: Ratio central

(n < 0.70 to forward (0.7 <n < 1.3)
events flat as " of mass for QCD.

MR LA L BT U B L BLRLELEL
- CMS ! ]
" J8=7 TeV | E
2.9 pb = E
\— Rull Hypathnais
P Syal. Uneartainiy
A=3TaV
- { =4 Ta¥

Dijet Mass (GeV)
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Compositness
Limit
A >4 TeV
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