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The LHC experiments are at last
collecting high energy physics data!
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Data so far
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® 900 GeV (Nov.2009) 300k events

® 236 TeV (Dec.2009) 20k events
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Data so far

> €

o CRAFT (late 2008) 600k events

= 23 JINST papers on performance
® 900 GeV (Nov.2009) 300k events

= first physics paper and tons of calibration
® 236 TeV (Dec.2009) 20k events

= the first glimpse of high energy



CMS’ First Physics Paper!
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® inclusive particle pr, and pseudorapidity at
900 GeV and 2.36 TeV
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Data so far

o CRAFT (late 2008)
® 900 GeV (Nov.2009)
® 236 TeV (Dec.2009)

® /TeV (Mar.30-?)
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600k events

300k events

20k events

> |.2 nb’!



Data so far
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o CRAFT (late 2008) 600k events
® 900 GeV (Nov.2009) 300k events
® 236 TeV (Dec.2009) 20k events

® 7TeV (Mar.30-?) > 1.2 nb’!

First look at results from 7 TeV running!



LHC has achieved ~1028 cm"§:'
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CMS is Performing Well!

mu?n chaml?ers Si tracker PbWO3; ECAL
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forward
calorimeter

Total Weight : 14,500 t. ——"' e | | ' = R e
Overall diameter: 14.60 m == : ===
Overall length : 21.60 m -

Magnetic field : 4 Tesla




CMS Tracker: Pixels/Strips
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data simulation
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New: D* in 7 TeV data!
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Tracking: dE/dx
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Make use of large number of
4$'© samples along track to do
particle ID with dE/dx

Mase = (1,019.58 + 0.22) MeV/c*
Sigma = (1.29 + 0.32) MeV/c?
Width fixed to PDG value
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lectrons/Photons/Conversions
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Vertexing and b-tagging
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ECAL: mt%and n
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Muon is our Middle Name

Rho Phi

CMS Experiment at the LHC, CERN

Date Recorded: 2009-12-14 04:46 CET
Run/Event: 124120/5686693

Candidate Dimuon Event at 2.36 TeV




Jets, Jets, Jets!
CMS CMS. December 2009, 2.36 TeV
Run 124120/ Event 6613074
» Particle Flow Reconstruction

|. calorimeter jets | uE—GG——GE_ENw, .
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2. “jet plus tracks”
jets (JPT)

3. particle flow jets

jet algorithm:
anti-kt R =10.5

pr=38 GeV/c




Jet corrections

particle flow dramatically reduces magnitude
of jet corrections:
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Jets: the first inverse nb at 7 TeV

calorimeter jet plus track particle flow
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Jets: the first inverse nb at 7 TeV

calorimeter jet plus track particle flow
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Particle flow jet performance

calorimeter particle flow
i | Illlllllllllllll I l|||||l|l||l|| U _Illlllllllllll l Illllllllllllllllllllll_
_ CMS preliminary 2010 * Dala | — CMS preliminary 2010 * Dala .
1200; Ve=7TeV || simulation | 800:_ Ns=7TeV | Simulation -
T P, (jet)> 25 GaV i 7005_ pl(jet)> 25 GeV _f
1000— 1 C nijet)| < 3 ]
C 1 600 :
800~ 7 500 i
600— ] 400;— —;
- 1 3005 5
400 |
| 1 200 &
200F 1 100- -
SO T v aresmulyane .

O

0"5 10 15 20 25 30 35 40 45 5 5 10 15 20 25 30 35 40 45 50
number of jet constituents number of jet constituents



Events/GeV

Jets: the first inverse nb at 7 TeV
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excellent agreement with simulation!



Jets: the first inverse nb at 7 TeV

Will surpass Tevatron very soon in dijet searches!
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High-mass dijet at 7 TeV
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CMS Experiment at LHC, CERN
Run 133450 Event 16358963 e
Lumi section: 285

Sat Apr 17 2010, 12:25:05 CEST | /

Jet1 pr: 253 GeV : v ll
Jet2 p; : 244 GeV | /
Dijet Mass : 764 GeV '

e

/
80 Jet 1 Jet 1
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40 -
20 > E —
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Particle flow jet performance
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Missing ET

Number of Events / GeV
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® need to clean up calorimeter spikes and
noise in ECAL, HCAL, and HF
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Early Signposts: W and Z
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W*:56 nb W-:395nb total:95.5 nb

Z/y*:49.5 nb

W=2ev/pv o5 50 G500 5k 50K 500K
ZDete/ptyw o5 50 500 5K 50k

W1V o5 250 500 o5k
ZDT1TT o5 50 500 05K

1 -1 -1 -1 -1 !
10nb 100nb 10pb 100pbAim for 2010
We are here

ﬁ | o # |

ICHEP Goal
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W —eV candidate
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CMS Experiment at LHC, CERN
i| Run 133874, Event 21466935

o f| Lumi section: 301

Sat Apr 24 2010, 05:19:21 CEST

ME = 36.9 GeV
My=71.1 GeV/c?2
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W — UV candidate
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CMS Experiment at LHC, CERN
§ 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

My = 75.3yc2//_\\
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Z —ee candidate
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; CMS Experiment at LHC, CERN
i| Run 133877, Event 28405693

i Lumi section: 387

Sat Apr 24 2010, 14:00:54 CEST

Inv. mass =91.2 GeV/c?2
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Early Signposts:W—{V
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electrons muons
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Expect very clean W—{v distributions
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Early Signposts: Z—U
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Z—U is our most important early calibration

significant samples coming very soon!
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Early Signposts: top
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Entries

CMS Preliminary @ 10pb™

10°

10

10
1 2 3 4

* Pseudo data
B 1t (signal)
11t (othen)
I W+Jets
Bl Z+Jets
[ QCD

|10 TeV

>5
Jet Multiplicity

Entries

CMS Preliminary @ 10pb™
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» Pseudo data
B tt (signal)
11t (othen
I W+Jets
Bl Z+Jets

[ ocD

10 TeV

M3 [GeV/c?]

With ~20 pb' expect to observe hundreds of ttbar
events, and calibrate jet energy scale, b-tagging, MET,
and later test boosted top algorithms



“The LHC only has 7 TeV, and

will only get one inverse
femtobarn...it won’t do any
better than the Tevatron!”






New 7 TeV BSM projections

Available on CMS information server
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CMS NOTE 2010/008

e,

A\

CMS.
N\

CMS Note

The Compact Muon Solenoid Experiment

\ T Mailing address: CMS CERN, CH-1211 GENEVA 23, Switzerland

&)

S5th May 2010

The CMS physics reach for searches at 7 TeV

The CMS Collaboration

Abstract

Some examples of the expected reach of CMS in terms of searches for new physics, for a proton-
proton centre-of-mass energy of 7 TeV, are shown. Integrated luminosities between 100 pb~* and 1
fb—! are considered. The prospects are preliminary, and based on existing studies at higher energies.

note posted at Pheno 2010 website
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New 7 TeV BSM projections

Available on CMS information server
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CMS NOTE 2010/008
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CMS.
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CMS Note

The Compact Muon Solenoid Experiment

\ T Mailing address: CMS CERN, CH-1211 GENEVA 23, Switzerland

&)

(" SthMay2010

The CMS physics reach for searches at 7 TeV

The CMS Collaboration

Abstract

Some examples of the expected reach of CMS in terms of searches for new physics, for a proton-
proton centre-of-mass energy of 7 TeV, are shown. Integrated luminosities between 100 pb~* and 1
fb—! are considered. The prospects are preliminary, and based on existing studies at higher energies.

note posted at Pheno 2010 website
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Rescaling 10 TeV to 7 TeV

Take 10 TeV results
for new particle
searches and simply
scale by expected
qq, gg luminosity
ratio (courtesy
James Stirling)

1.0

luminosity ratio

0.0
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[ MSTW2008NLO

——rrrr
| ratios of parton luminosities

+ at7 TeV LHC and 10 TeV LHC
0.8

10°
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Early new physics: b’ search

> <€

-8_ IE)I(OI-OSID-OIZISC;IIiIIlg Ito 7 ’ll“e\lf o
— 10 o CMS preliminary

C Y

O

-

O

D

n

N

a1

o

S

O
fe

O

107

300 350 400 450 500
b’ mass (GeV/c)

With ~200 pb-! we can exceed Tevatron sensitivity
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Early new physics: b’ search
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With ~200 pb-! we can exceed Tevatron sensitivity
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Early new physics: ED in Yy
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look for very high mass photon pairs in LED and
Randall-Sundrum models respectively:
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Early new physics: Z', ED in p

Integrated luminosity (fb™)
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Early new physics: HSCP

> €

® heavy stable charged particles:
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Early new physics: stopped gluinos /%
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SUSY: jets + missing ET

m,, (GeV)
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* 3 or more jets, ET > 50 GeV
“Classic” all-jets search: ® missing Et > 250 GeV
* no leptons
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SUSY: like-sign dileptons
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SUSY: like-sign dileptons
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Similar sensitivity
seen in like-sign
dilepton analysis

Very soon the
LHC will surpass
the Tevatron in the

search for SUSY
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SM Higgs:WW — 202V

CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010
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No discovery of SM Higgs in first run at 7 TeV...
sensitivity similar to Tevatron with | fb!
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SM Higgs:WW — 202V

CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010
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Berger et al.
arxiv:1003:3875
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No discovery of SM Higgs in first run at 7 TeV...
sensitivity similar to Tevatron with | fb!
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SM Higgs: ZZ—4(

CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010
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MSSM Higgs

Most sensitive: tau pair decays (~9% BR) of h/H/A

> €

leptonic decay
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MSSM Higgs

di-tau sensitivity for H/A will soon exceed Tevatron!

tanf

(stay tuned: we will do even better than this!)

> €

g0 -CMS Preliminary: projection for 7 TeV, 1 fo ____ Mar 222010
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LHC: the coming weeks

From J. Wenninger, LMC 2010-04-28

> €

Stage Ib (protons) Nb Stored E (kJ) Stored E step Peak L (Hz cm-2)

3 fat pilots (*) 1.00E+10 3 17 1.00 1.34E+28 <—NOW
4 bunches 2.00E+10 4 44.8 2.60 7.63E+28

4 bunches 5.00E+10 4 112.0 2.50 4.77€+29| | pbr '/mo
8 bunches 5.00E+10 8 224.0 2.00 9.54E+29

4x4 bunches 5.00E+10 16 448.0 2.00 1.91E+30

8x4 bunches 5.00E+10 32 896.0 2.00 3.81E+30

43x43 5.00E+10 43 1204.0 1.34 5.13E+30

8 trains of 6 b 8.00E+10 48 2150.4 1.79 1.336431| | pb' '/day
50 ns trains 8.00E+10 96 4300.8 2.00 2.67E+31

B* = 2 m, nominal emittance Each step requires about 10 fills.
Requirement from the Machine

(*) Initial plan was with 4 bunches of 5E9, L ~4E27  Protection Panel.
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This is truly the dawn of the LHC decade!
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This is truly the dawn of the LHC decade!

Discoveries could happen fast.



This is truly the dawn of the LHC decade!
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Fasten your seat belts...



