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Proton — proton collisions at Vs = 7 TeV

Integrated recorded Instantaneous Luminosity
. : » e - _2
Luminosity 43 pb up to 205 pb~'s7" (205 €30 s~ 'cm~*)
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Physics Papers Preliminary Physics Papers Preliminary
Analysis results Object results

Forward

Physics Tracking 1 3}
Electroweak 0 2 Jet and MET 0 8
Higgs 0 0 Particle-Flow 0 4
and Tau
NN cosr——
Exotica

___ O(10) more papers currently in
collaboration review
(Summary 11 20 |

Will show only selected physics analysis results in this talk!

All CMS results can be found at: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResults
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Luminosity measurement

Instantaneous luminosity is measured online:

@ utilizing the occupancy of the
hadronic forward calorimeter (HF)

Offline methods for cross-checks
@ utilizing HF and tracking/vertex info.

— good agreement between online and offline Iron absorber & Ce --.<a
detecting quartz fj

Absolute luminosity calibration using

@ Monte Carlo agree
within 7%
@ Beam current measurements, 5 Value (%)
beam size estimation using ke skl S
a van-der-Meer scan Beam Background 0.1
Fit Systematics 1.0
beam 1 beam 2 Beam Shape 3.0
,%/ Scale Calibration 2.0
Zero Point Uncertaint 2.0
Dominant uncertainty from shapes (3%) and Beam Current Measurement | 10.0
from beam intensity measurement (5%+5%). Total 11.0 |
These uncertainties are expected to drop. :

Lumi-uncertainty of 11% is important for all
cross-section measurements (and limits)!
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iii Al g Tracking: Material Budget LG Foram
DESY/UHH: contributions

to alignment

Picture of the tracker, taken by the tracker itself:
@ Used y—ete~ conversions

@ Similar analysis done for hadronic interactions

@ Independent method using multiple-scattered tracks

- Difference real tracker to MC is better than 10% 20

Analysis required good tracking, vertexing, and alignment!%'__
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PAS BPH-10-002

— L e e L I L I
j;) 450 é_CMS Preliminary, \s = 7 TeV L, =100 nb! —%
L 400 | e E T lecti
E\D] 350; signal+background _i 9 WO muon se eCtIOn .
S 300 T Packaround-only = @ Primary vertex reconstruction
= 2s0F- °T30MeVie = @ Measure decay length of B
g 29t E @ Differential cross-section for
"o E non-prompt J/W¥ production
50" E
0% 27 28 29 3 31 32 33 34 35 ‘>91O2 _ | B Jlxlp, FONLL 4
Dimuon invariant mass [GerCz] [} = —— CASCADE 3
% —— PYTHIA .
£ 10 —— CMS data E
‘g EI LI rrri rrri I LIL L I L L I rrnri I LILEL L I IE m E E
,E B CMS Preliminary - \/[s =7 TeV ] 50 L i
= B L, = 100 nb™" - = 15 E
— L F 3
ﬂ 1 02 S 15 T background — % : :
E E ----- background + non-prompt E _81 0_1 g_ _§
: total fit : - \E =7 TeV a
. _ P i
10F . 102 L=100nb =
- = g CN!S pre!iminalry | | | =
[ ] 0] S 10 15 20 25 30
i . pi/“’ (GeV/c)
1E E
: " % — Consistent with SM expectations.
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Jet Performance for different Algorithms

UHH: contributions to jet
calibration & resolution

“Calo-Jets”

PAS JME-10-010

@ pbased only on calorimeter energy Jet resolution

depositions Ns=7TeV _CMS Simulation
“Jet plus Track” (JPT) - -
_ . . 0.3 (Anti-k_R=0.5) 7
@ improving calorimeter " i 0<n<05 i
measurements by better tracker & = | |
resolution S b N —o— Calodets l
\C/L 02 = ! —&— JPTJets —
“Particle Flow” (PF) = [ 4w 6 A FrE ]
[] L] Lu - ‘-&7 l o] Q |
@ aims to reconstruct any single L e, S My i

. = A e

particle, based on all sub- 2 01 SRug, g .
detectors, prior to jet clustering i Few o = |
: i B R, g 4
@ makes best use of all available ] w4
information e - —————++H ————+++H —
S 10E : 1
@ improves jet-resolution, e B ap et e T AT i -
enables usage of low pT jets gl -0 o E
20 30 100 200 1000 2000

— Used in many published analyses pREF [GeV]
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HH: contributions to
MET calibration PAS-JME-10-004
MET resolution
Calibrated Gaussian core resolution versus the calibrated pf-MET in events

containing at least two jets with pT > 25 GeV

; 25_] L I T T I L I T T | L L T T LI I_
¢ [ —+ Calo MET (data) -
~ [ — Calo MET (MC) 1
w' 20— —+ JPT MET (data) -
8 [ — JPTMET (MC) ]
S [ —+ PF MET (data) L .
= 5= — PF MET (MC) -
g - -
° [ ]
10 .
5 ]
i \s=7TeV ]
i CMS preliminary 2010 .
L1 1 | | L1 1 1 | L1 1 1 | | | | L1 1 | | [ | L1 1 1 | L1 | I—

00 30 100 150 200 250 300 350 400

Calibrated pfXE. (GeV)
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Inclusive jet cross-section

dz Cres Z\[thS
Forward energy flow measurement dprdy  L-¢ Apr-Ay
CMms prellmlnary, 60 nb1 \s= 7 TeV

; 3| =Data b Diets  CMS Preliminary < 10"F ] |y|<0' 5 (1 (><1024)

o107 E‘y’mii PROQ20 /s =7 TeV s B PE-Jet ©° 0.5<lyl<1.0 (x256)

S_D_, O Pythia DW 5 10° Y = 1.0<|y|<1.5 (x64)

— Ey%%ta o £, N o s 1.5<|y|<2.0 (x16)

sy - [OSyst. Uncert.  gossssss o |—1 07 N e oy + 2.0<)y|<2.5 (x4)

L2 | eeeeeee A = = P S MO NN L 2.5<]y(<3.0 (x1)

LIJ PR LI 3 3 .1i % 105

D02 bR nne i O

Z B ! |||||||||| E : -O

I : : PN )
: . 105 — NLO pQCD+NP" N
- . : [] Exp. uncertainty A *
: ' 10" - Anti-k; R=0.5 PF
10;.4.&.‘.\ Coo L b by § e Ll
3 35 4 4.5 5 20 30 100 200 1000
0 p_ (GeV)

Energy-flow measurement at large rapidities The finite jet resolutions are
is sensitive to different models of multiparton considered using an ansatz-method.
Interactions. — NLO pQCD and up-to-date PDFs

work at Vs =7 TeV !
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Phys. Rev. Lett. 105, 211801 (2010)

Di-jet resonances

Fit spectrum with

do Po(1 —m/+/5)0 Excluded e.q.:
dm ~ (m//5)PrPain(m/5) String resonances < 2.50 TeV

Excited quarks < 1.58 TeV

four free parameters, chi? = 32, for 31 d.o.f.
The data are well described by smooth function. No sign for narrow resonances.

,-:—; E T T L — T g ’_a‘ L L L L L L L L L
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D_1 0°¢ [ 110% AGEFENE E e 10 Y, Ml<25&JAn<1.3 | = Axigluon/Coloron | =

=g g, o QCD Pythia + CMS Simulation = ) = S — — E, Diquark 3
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Z-boson

number of events / 2 GeV

W-boson

number of events / 5 GeV

electron channel
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«10° CMS preliminary 2010
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Submitted to JHEP, hep-ex:1012.2466
tau channel

muon channel
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electron channel muon channel tau channel

CMS preliminary 2010 CMS preliminary 2010
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CMS Experiment at LHC, CERN
Data recorded: Sun Aug 15 03:57:48 2010 CEST

Runf/Event 1420971 { 323188785 3 prong tau
Y Lumi section: 348
OrbitCrossing: 91187547 2286

Visible mass = 70 GeV
M._(muon, MET) = 4 GeV

tau (3 prong) 37 GeV 1.5 1.2 GeV
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Due to the prevalence of up over down-quarks in pp-collisions the production rate
of W+ and W- bosons is different: An asymmetry of 0.2 is expected using current

theoretical predictions and PDFs.

Lepton-charge asymmetry, W—lv
do(*) /dny, — do(—) /dn,

W*—*v cross-section

ICHEP2010

CMS preliminary

\s=7TeV

_[Ldt:198 nb™
W+
W* ->pu+v

5.75+0.26,, +0.36 , +0.63 .. nb

W* »>etv
5.18 +0.26 ,, +0.42 _, +0.57,, . nb

W?* > 1*V (combined)
5.50 £ 0.18 ,,, + 0.29 _ , + 0.61,,. nb

NNLO, MSTWO08 68% CL prediction

6.15 + 0.29 nb

N

—+@—

A —
= i, e i
CMS preliminary 2010 \s=7TeV
[ [ |
> 0.6 JLdt=198nb'1 .
O
£
£ 04 —
>
0
©
o 02 .
©
%
c Of ]
o)
rel e W puvdata
Q A W-evdata
-0.21- NLO+NNLL (ResBos+CTEQS.6)
| | | |

o

0.5

1 1.5 2 2.5
lepton pseudorapidity, n|

| n L L | L L L | L L n |

0 2 4 6 ‘ I 8
o(pp — W*+X — 1*v+X) [nb]

CMS preliminary ICHEP2010
T T T T T T T T T T T T T T T
NNLO, MSTWO08 68% CL prediction

\s=7TeV

det =198 nb™

4.29 + 0.23 nb
W —uv - . W'
3.39£0.15,,+0.21_,+0.37,, . nb
W™ eV A
413+0.24 , +0.34 =045, nb

W™ — 1"V (combined)
3.60 £0.13 ,, +0.19_,, +0.40 , . nb

stat —

0 2 ) ' 6 8
o(pp—>W +X = 1"v+X) [nb]

In agreement with SM (within lumi uncertainty)
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Top physics
DESY: tt—dilepton
UHH: tt—lepton+ijets, all jets

“alljets” 46%

Top pair branching fractions:
THets 15%

0,.o(PP—tt) =158 pb

l+

o
<

Comparison Tevatron:
0=7-8 pb

+

u+jets 15% W- t t
X
Yox ,
¢ etiets 15% ] b
H " = "
"dileptons” lepton+jets :
n = 1 1 | | - w - ..
E [ CMS ® Data . % - CMS Preliminary —e— Data i
n 12 | 31pblatys=7Tev| M signal ) e 103:0-84 pblatys=7Tev M« - -
- Events with ee/uu/ep I Z/v*—I'T prediction - = e/utjets, N > 1 ] wotv (+ light jets) =
y Bzt ] - * Notags— [ veter+x ]
10+ ® [ single top — B ] vbb+X ]
- e . I z/y*—1'T (+ light jets)
[ [ Non-W/Z prediction 10° 3 QCDfy+jets E
8 Bckg. uncertainty | z QCD uncertainty 3
’

~ 10
: : ;
] 1
- - 2
0 - ; 2 3 >a
0 1 2 3 >4

Number of jets Jet multiplicity
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Dilepton mass 88 GeV/c?, pr=138 GeV/c

" 2

b-tagged jet 1
pr= 89 GeV/c, n= 0.5, p= -0.7

—W 2 1
DESY: tt—dilepton , :
UHH: tt—>lepton+jeth) all jets arXiv:1010.5994, submitted to PLB
. _ Nf-"- T T 1771 | T 17T | T 1T | T 17T | T 171 | T 17T
Di-lepton channel (e / 1) only, 3.1 pb~* Y cms _-
CMS Experiment at LHC, CERN 5y N 3.1pb~ at Ns=7TeV ]
e s s T 10O : : S E Events with ee/un/en -
Sl / ‘:'\\ S 5F A Data MWT
e X E E @ Data KIN
| eyl nﬁm’ e § 4— @ || 000000 - All simulation MWT
y o All simulation KIN
- PR, ..o 3 } A A G s Background MWT
e'pl:l=80GeV/c,n L p=-29 3 H B I Background KIN
[ —N -

9

N / 4 HB .
\ / 0 s EPPPTY T H et Tl ]
\ S / 100 150 200 250 300 350 400

Reconstructed top mass [GeWcz]

Source Number of events

Expected tt 77£15 Systematic uncertainties: (lepton eff.,
Dibosons (VV) 0.13+0.07 jet-energy scale, multiple interac., ...)
Single top (tW) e+ 018 o) o

Drell-Yan Z/v* — T+ 7~ 0.18 + 0.09 6.4% Signal

Drell-Yan Z/9* — e*e, u* - 14405405 11% Background

Events with non-W /Z leptons 011051+ 03 11% Lumi nosity

Total backgrounds ZA-+10 .
Expected total, including tt D818 O(pp-tt)=194£72(stat) = 24(sys)+21(lumi) pb

Data 11




Searches for New Physics
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UHH: all-hadronic
DESY: SS & OS di-lepton

Search for SUSY in the hadronic channel
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PAS JME-2010-004

Traditional SUSY search in all-hadronic final state requires large MET and
searches for an excess over the SM in the tail

L e L s e Sy B By B S B e

> 10f
£2% e Data No Corr.
(O] ?.% uncorrected MC No Corr.
o " '.-.!::«!v corrected for jets * zz“"T;;g‘:' ]
P i X oy corrected for jets v Data Type l+il |
= 10°¢ LA below threshold =~ MC Type I+Il =
[ F . & CMS preliminary 2010
T i % ‘v"v_ Ns=7TeV
T
5 10°F T i
f- E e, i
) . it Ny -1
g i LN 73 nb
s 10¢ iﬁuﬁ E
E Shaldl
= i
L BT
P SR NP £ 1 o 1 A -

100 120 140
£ [GeV]

0 20 40 60

Alternative all-hadronic analysis not based on MET (but =P

Photon analyses (GMSB)
Lepton analyses:
 Inclusive single lepton

— requires extraordinary good understanding
of detector and SM-background

— data-driven background estimation
methods have been developed

All strategies are currently in approval
using the full data-sample of ~40 pb™

/ M_).

2 T

e Like-sign and unlike-sign di-leptons

e Tri-lepton searches
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SUS 10-001

CMS preliminary mSUGRA

B CDF gg 2fb', tanB=5, p<0
_ 1 D0 gg 211", tani=3, u<o
I LEP2 7,
_ JLep2 s

\'s=7 TeV
Hadronic search, 95% C.L. curves
“tanp=10, A0=0, u>0

L=1000 pb' "<,

L=100 pb’

) g (10007 Ge

0

100 200 300 400

500 600 700 800 900 1000
m, (GeV)
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arXiv 1011.5861, submitted to PRL
@ Many models predict heavy stable charged particles (SUSY, split-SUSY, hidden-valley, GUTs)
@ Long-lived gluinos can hadronize to R-hadrons (gg, gqq, gqqq),
can “rest” in the detector

@ Special designed triggers, to look for decays when there is no beam

Lifetime [s] | Expected Background (= stat. & syst.) | Observed
1x107 08+02+0.2 2 Background:
L3¢ 19" 19+0440.5 3 Satellite bunches, Cosmics,
i BB i) i 494+1.04+1.3 5 Instrumental noise
1x10° 49+10+13 5
g ; J' ,_C;t - mlpb-i " 95%cC.L. Limits: |
g Y mmmmmm Expected: Counting Exp.
< | max 32 55,54 Expected +16: Counting Exp. _
Z§ 10° Lyes — WX 1D a8 Expected i2(cj5: Counting Exp.
T e \§ =7 Tev Obs.: Counting Exp. ] Excluded:
@ i Obs.: Counting Exp. (Neutral R-Baryon) 1 m(gluino) < 370 GeV fOI’
' i e - . = 100 GeV/c2 —_————— Obs.: Counting Exp. (EM only) d L\
B g LTETTR T T O ki Obs.: Timing Profile 4 lifetimes from 10ms to 1000s
X F E
=) 3 s (assumes BR(g—yg) = 100%)
1 I 7 A
o
L
©
10 _ _ Significant extension of previous
E ] DO limits.

107 46" 107 I 102 167 16" 4 18 1487 ¢ P 107 18"
Ty [s]



Christian Autermann

LHC-Forum

iii =S
DESY: H—tr—pl, 26
bb®—bbbb
Expected Limits on SM Higgs Expected Discovery Significance SM Higgs
1 0 ; ; LSO SUUUU SOUOUOE OO OO SO SO — TR T TeY e ] 1 2 T T L S S S SR S| T — -1
" CMS Preliminary: Oct 2046 _213181123 Ol . cms ;P!‘e!ir;rlipary: Oct 2010 _;;E%;I::
= e =S5 @7 TeV L L —5'@7Tev
& : : — 10 @7 TeV 510 000 O 0 O O e — 107 @7 TeV e
= | Dralartad OO0 L 1 imit An efee 1f'@8Tev ) = I D e 1fb"'@ 8 TeV
| rrojecled Jo70 WL LITHL ON G/Og, ... 2 @8 TeV e i g 5 = T N S 2@ 8 TeV
6 ..... 5fb1 @8 TeV C - POLALING L 5fb' @8 TeV
TP S 1 S S S e e s o 10_fb'1 @ 8 T_BV o % 8 o 10"3'1 @ 8Tev
E 0y 8 ‘, _____
-1 5 6 77830 SO
X C 4L lel S I
g 8 I /
£ | SIS '
o 2 [F57
y ol Projected Significance of Observation
10 200 300 400 500 200 300 400 500
Higgs mass, m, [GeV/c?] Higgs mass, m [GeV/c?]

@ 95% CL Limit in a wide mass range possible with 1 fb~" (i.e. mid 2011)
Ralph Assmann, Dresden 2010: “2 fb~" at 8 TeV reasonable in 2011, ultimate reach up to 7.6 fb ="

@ Discovery of a low-mass SM Higgs requires effort and (more) time

Considered channels: H-WW—-2I2v, H—-Z2Z—4l, H—»ZZ—2|2v, H—-ZZ—212b, H—vy, VBF H—-1rt,
VH—-V(bb), ZH—Z(WW)—(ll)(lvjj), WH—-W(WW)—(Iv)(lvjj) (same sign di-leptons); scaled from 10 TeV studies.
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Sorry, (probably) no H=>ZZ-uuuu

27
...but pp—ZZ—pupup candidate U2 DP-2010-038

- # T 0 e
3D view ’ ----

/‘ u2 43 GeV

M4 20 GeV -1.0

Inv. Tot. pT
mass

Wl+H2 92GeV 27GeV 3.0 2
pu3+ud 92 GeV 29GeV 0.1

Inv. mass (MuP) = 201 GeV | l"‘“
Missing ET =5 GeV 4

No PF jets pT > 10 GeV \\\
h

Probability of observing one
pp—ZZ—4 leptons in 20pb™ is 16%
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» Excellent performance of the LHC machine
and the CMS detector!
The number of published results is amazing:

» The standard model has been largely rediscovered by LHC.

» Many searches for new physics are already now
compatible with Tevatron.

° |s there a most interesting CMS result in 20107

Perhaps the surprisingly high level of understanding
of the detector, the algorithms, and the physics objects
(tracking, alignment, MET, particle-flow, jet-calibration...)



Backup
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Angular correlations
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J. High Energy Phys. 09 (2010) 091

Correlation defined as
Sn(An, A
Ry 89) = () -1 (G550 1))

By (A, Ap)
with
1 d2Nsignal . ] . ] )
Sn(An, Ap) = NTN 1) dandig Signal: Any two-particle correlation in one event
1 dZNmixed
Bn(B1,89) = 12 5 Anddg Backgd: Any two-particle correlation from different

events (with same track multiplicity).

Use minimum bias and high track-multiplicity
triggered events.

Hard pT clusters, i.e. the two particles
are inside the same jet

R(AN,A0)

Recoiling jet (momentum conservation)

Hadronization and decay of clusters with
low pT, e.g. string fragmentation
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Phobos Heavy lons
Au+Au 200 GeV

Ridge unexpected
in pp-collisions
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http://Ihc-closer.es/php/index.php?i=1&s=4&p=7&e=1

“For LHC beam are used two DC current transformers (DCCT) and two
fast beam current transformers (FBCT) per ring
(eight transformers in total).

In a very simple approximation the transformers work as follows:

Beam creates, such as a current-carrying wire, a magnetic field B.
The transformer "feels" this magnetic field.

The Torus guides this magnetic field which produces a secondary
current Isec on the secondary winding on the torus.
The beam acts as primary winding with Nbeam =1.

Ibeam/Isec= Ntorus/Nbeam = Ibeam = Ntorus - Isec

By using Ohm's Law, V=R -Isec, so Isec=V/R

Torus

— Ibeam = Ntorus-V /R

Obviously, things are "a little bit" more complicated in reality... “
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UHH: non-Gaussian

jet resolution 33
_\s=7 TeV | i | CMS Slimulaticlm _
E CanJets(Anti-kT R=0.5) 3 . . . .
100 | oo maes 1 Jetresolution can be measured in QCD di-jet events,
g ! 3 . jetl jet2
107 b = USIng A= —pJ.Tt — p].Tt
; MC truth pJ_Ftl -+ plftz

¢ resolution the width of the asymmetry translates to jet

1 = H
: resolution as o (p)
100 b J = \/EU' A
g : : 3 pT
E A L 1 G
e s L T = . . . . .
o B H mﬁ RS Effect of a third jet is considered by extrapolation to
(8 S e T D E
§[S 20 ¢ + E rd :
e B - S R o 15 » pT (3 Jet) = O
PPy
\s=7 TeV CMS Simulation \s=7 TeV CMS Simulation
[ T T T L r T T T T r T C T T L T T T T T T ]
- CalodJets (Anti-kT R=0.5) 1 - PFJets (Anti-k_ R=0.5) 1
0.3 — O<ml<1.4 — 0.3 |- O<ml<1.4 T —
A L 4 L |
Q-'_ Asymmetry (reco-level) - =3 - Asymmetry (reco-level) -
(a_ 0.2 — —a— Asymmetry — Q_'_ 0.2 I —=a— Asymmetry —
Y h —&— MC-Truth . g - MC-Truth .
H':\ - ———— Asymmetry (particle-level) - H_:‘\ - ——<—— Asymmetry (particle-level) N
=y B ] = ]
o | B =_ - |
‘6’ 0.1 B | % 0.1 j _,
B ! - T o 7] - —
5= 20 E . I 3 = 20 F =
2le [ R S S S 3 o[, 10 F E
245’ -10 & E ?,2)’ g T e :f
20 = L L s = <l o0E . . . ‘ R
50 100 200 300 400 1000 50 100 200 300 400 1000
P, [GeV] P, [GeV]

The jet resolution is described in good approximation by a Gaussian.
However, i.e. for BSM searches especially the non-Gaussian tails become very
important! Searching for SUSY means understanding the tails! —=In pre-approval.



Low mass (LM) mSUGRA benchmarks

L.MO 200 [160 400 |10 1

LM1 60 250 p 10 W

LM2 185 50 p 35 W

LM2mh{360 |185 B60 D 35 W

[LM3 330 P40 D 0 &

M4 D10 285 D 10 W

M5 230 360 D 10 W

LM6 85 400 [0 10 W

LM7 3000 230 [0 10 W

LM8 500 300 300 )10 W&

LMY 1450 (175 0 50

LM9p 1450 230 {0 10 W

LMOt175 1450 {175 |0 50 mtop = 175
LMI10 3000 500 [0 10

LMI11 P50 325 [0 35 W

L.M12 'BD
LM13 focus point, TBD

High mass (HM) mSUGRA benchmarks

[Benchmark | m0 [m1/2]A0]tanb [sgn(mu) [ Notes|
HM1 180 B850 |0 10 W
HM?2 350 BOO [0 [B5 W
HM3 700 B00 0 10 M
HM4 1350 600 [0 [10  h

GMSB (GM) benchmarks
[ Benchmark [Lambda [ M_mess [N5[C_Graytanb [sgn(mu) [Notes|

GM1b 80 160 1|l 15 &+
GM1c 100 200 I | 15 &
GM1d 120 240 1 |l 15 &
GMle 140 280 1 | 15 W
GM1f 160 320 1 |l 15 =
GMlg 180 B60 1 | 15 &

m, , (GeV)

1400 | -~

1200 |

1000 |

600 |

400 |

200
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MSUGRA, tanB = 10, AO = 0, u> 0

200 400 600 800 1000 1200 1400 1600 1800 2000
ey
y 11400
i, LSP © GeV
1 & mh=12,2~"”"
~
3 11200
i
11000
K:
A HM1 m, =120GeV
* HM2 % HM3 A s00
B ~ X Ag
Br(x3—h%9) > 0.5
X HM4 1600
=  LM10
* LM6 1400
[ KLMA KLMB - BH3-2%9) > 05
X LM3 e DES
L4 . m, =114 GeV g M7
‘N 6 P LMo 200
47, A .
| Jeva R
sEE NO EWSB
‘ * ' ' ‘ ‘ ‘ ‘ ‘ 0
200 400 600 800 1000 1200 1400 1600 1800 2000
m, (GeV)

CMS Physics TDR, Volume Il: CERN-LHCC-2006-021, 25 June 2006
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