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CMS commissioning, performance with cosmics and first LHC beams

Early physics: first analyses, EWK and top physics, early discoveries
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The CMS design: goals

m  Good muon identification and momentum resolution:

= Redundant measurements and redundant trigger systems
= AM,, /M, =1% at 100 GeV
= Unambiguous determination of the charge for p, <1 TeV

= Good electromagnetic identification and photon/electron energy resolution:

ee’’

= AMg /Mg, AM,, /M, = 1% at 100 GeV
» Large coverage and goof granularity, i rejection

= Precise and efficient inner tracking, including vertex capabilities:
= Efficient triggering and offline tagging of taus and b-jets
= Pixel detectors close to the interaction region

= Good jet and missing transverse energy resolution:
= Hermetic coverage, fine lateral segmentation
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Compact... Muon... Solenoid

U |  All central tracking and calorimetry
contained inside a superconducting
el solenoid (L=13 m, r = 3m)

* Strong field (3.8 T) => very large
'k -2.864 m BLZ

1.849 m
=1.320 p,
* Iron yoke instrumented to host the
muon spectrometer => Measurement
of muon momentum thanks to the
- saturation of the iron
To d»x
I L) | Simple, compact, but
— s— — heavy and still enormous !
Transverse View
Ciemalt
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The CMS detector at the LHC

M Pixels

M Tracker

B ECAL

B HCAL F
Bl MUON Dets.

B Superconducting
Solenoid

Total weight: 12500 t

Overall diameter: 15 m
Overall length: 21.6 m
Magnetic field : 4 Tesla




Another way of presentlng it..

The Biggest Experiment Eve

(And It’s European)

-
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CMS inner tracking system

Si-strip detector: completed | IEl'c:h 2008 ~ 200 h* of
_senser
R G, coverage,
//:‘." - TEMstrips,
W\ 6§ Mpixels -

10 times more
coverage than CDF
silicon detector



CMS inner tracking system
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TIB : 4 layers
2724 rect modules

TOB: 6 layers
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TID : 2X3 Disks
816 wedge modules |

Single rd sensor
Double rdz sensor

290 MU

3 layers of silicon pixel detectors: 66M pixels (sixe 100 x 150 pm?2)
10 layers of silicon micro-strip detectors: 10M strips (80-180 pm

variable strip pitch, 10 measurements, =4 of them two-dimensional
in [n|<2.4
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CMS inner tracking system
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AN IMPRESSIVE TRACKER SYSTEM
s Apr/ pr = 1-2% (|n]<1.6) at p;=100 GeV

= Muon resolution dominated by inner tracking resolution for p;<=100 GeV

= Ad,,=10 pm resolution at 100 GeV
= Az=20-40 um (|n]<?2) resolution at 100 GeV
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CMS Muon Chambers

Drift Tubes (DT) used in the Cathode Strip Chambers (CSC)
barrel used in the end-caps

RPCs for fast trigger response
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CMS Muon Chambers

] The CMS muon system (barrel and also endcap) is optimized for:

» Robust, efficient and redundant muon triggering system (chambers+RPCs)
» Efficient muon identification and reconstruction (|n|<2.4, redundant coverage)
» Precise measurement (< 10%) for TeV momenta (good alignment + level arm)

Drift tubes
used " 300 21 ]
in the bar‘r‘el—-—"‘-i;.v,{_. S 2.4 ]
_ | ‘
? ./ Intrinsic position ' ,/
" resolution per A '
chamber ~ 100 % 200 400 600 800 1000 .Iz '( 12?0
microns Cathode Strip Chambers (CSC) used in the end-caps
RPCs for fast timing and trigger response
Ciemalt
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CMS Electromagnetl Calorlmeter

More crystals (in volume or
number) than in all previous
HEP experiments combined

= 76K PbWOQ, crystals (= [Moliére radius]? x 25 X)) for precise electron/photon
angular/energy measurements
= Very high density, small radiation length (X,=8.9 mm). small Moliére radius (2.2 cm)
radiation hard, fast response (80% of light output collected in 25 ns) =» compactness,
high granularity and precision

= System to be completed in February 2009 with lead+silicon pre-shower detector
(= 3 X, depth, = 2 mm pitch in X,Y) to increase granularity in front of end-caps
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CMS Electromagnetic Calorimeter
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= Extremely good resolution (stochastic term = 2.8% at 1 GeV), low noise (noise
term = 120 MeV), and good uniformity/intercalibration (uniformity = 0.3% from
test-beam studies):

2 2.8% Y 0.12\2 o
(£ =378 ) +(%#2) + 03%2
Ciemalt
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CMS Hadronic Calorlmetry

HCAL installed J uly 2007
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= Scintillator-brass/steel tile calorimeter: compact, hermetic, good segmentation
and coverage (|n|<5.2)

= Jet angular resolution ~ 20 (30) mrad in ¢ () at E; = 100 GeV
= Jet transverse energy resolution (using ECAL+HCAL only, barrel):

o VP 1.25 \ 56V . 5
(ETT=(WE +(E—TT+<3-3%>

: - e J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009
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CMS Trigger system

25 ns = 40 MHz

Detectors Detectors
+——i « i
Front end pipelines 0 Front end pipelines
——— ] x400 rejection
~100 kHz
Readout buffers Readout buffers
—
Switching network Switching network
«—

~ 40 ms /event

Processor farms Processor farms
S0 . ——— x1000 rejection
Cl}l ~100 Hz CL)__I
“Traditional”: 3 physical levels, ATLAS CMS: 2 physical levels

= Challenging, but allows to be dependent on "“software” and use fully (more precise)
reconstructed information at earlier stages..

S = J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009
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CMS Completed and closed, September 2008

Ciremalt

Centro de Investigaciones
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CMS Commissioning

SUMMEr 06 .ceceerrnnnsnnsnnsnnsssssnnssnnnnssnsssnnnsnnnns Fall 08

#
MTCC ..... CRUZET ... BEAM ... CRAFT

= MTCC: Magnet Test and Cosmic Challenge (summer 2006)
= CRUZET: Cosmic RUn at ZEro Tesla (Spring-Summer 2008)
= BEAM (September 2008)

= CRAFT: Cosmic Run At Four Teslas (Fall 2008)

——— J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009 18
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Magnet Test and Cosmic Challenge
(MTCC, Summer 2006)

-
-

with cosmic rays

5::-.‘. Sunnneri.»\uum 2006 -.‘. 1 - a) Tests of CMS on surface
] = 7 \ z \|'|

* b) Detailed measurements of
the magnetic field maps at
different field strengths

Portions of the five sub-
detectors taking simultaneously

Muon chambers data for the first time
barffal & endcap

s 0 Tl J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009 19
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First physics results from CMS

CMS Note 2008/016
S g TS M. Aldaya, P.Garcia-Abia (CIEMAT)
[0) e 3
Q) i} « Simulation ] —
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~ 10" - Run 4045 E = L3+C (2004)
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o) + I o
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* 15 M cosmics through 5% of the muon barrel detector at B=3.8 T
* Stringent test of the alignment parameters in the muon detector

* Interesting measurement of the cosmic charge ratio!
S = J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009
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Fraction of CMS Systems in Global Runs

Fraction of Live Front Ends in CMS Global Runs - HCAL
09| Pixel system and ECAL endcaps / /ﬂ —ECAL

0:8 installed / / / / / I

DT =
0.7 : \L =
Cabling complete, final —CSC \ =
g 061 power & cooling become >
T 05 available RPC
©
It 0.4 — Strip
0.3 Tracker
— Pixel
0.2 Tracker

Cooling ready for Strip Tracker

August 2008: all subsystems operational and ready for beam

e J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009
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First LHC beams seen in CMS

HCAL energy  longitudinal views  ECAL energy

particle
debris

Inner silicon tracking
systems kept OFF

8888888888

1. 10° protons incident on (closed) collimators at
150 m upstream CMS (September 10t 2008):

a) Dedicated triggering system was used

b) Time synchronization and energy correlation
studies were performed Muon hits
Ciremalt
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First LHC beams seen in CMS
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| beam halo data 12-Sep-2008 |
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| orange: beam ON data I

L black: beam OFF data I
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2. Circulating beams -> halo muons (important for alignment)

Ci

T =
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Cosmic Runs At Four Teslas
(CRAFT, Fall08, after LHC incident)

cosmvstime
x10° ,
250 | Dataset: /Cosmics/Commissioning08-v1/RAW
| Selection: DT,SIST,BFieldOn
—  Tot Events: 286825664
200—
150—
- Runs with very
1007 long lifetime
50—
o,_III A I I I N I S
TeoTeeNeoerEderee® @R YRy
E%’%‘:’:??:’:‘>:>>>>>>>>>;>>>
5SS SSSSs I IITIeIs
Cifemalt
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* ~1 month (Oct-Nov 2008) of
continuous/smooth running, mostly at
3.8 T, with the whole CMS detector:

* 370M cosmics collected (~200M
with all relevant components in)

* ~60-70% operational efficiency

Some runs with > 15 horus
lifetime, 2 Tbytes/hour

* ~400 Tbytes of raw and
processed data

*Whole reconstruction/analysis
chain in place (Tier0+Tier1+Tier2)

J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009
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Some highlights of CRUZET/CRAFT

xZIndof |

| Distribution of mean of residuals for TIB ]

0 -
-
55000 - after alignment A :
- = @ P s |d@al (MC); RMS = 21:m
- uRUZET4 = 600f Aligned (Data); RMS = 30 im
s é E Design (Data); RMS = 707 un
gaooo— || % 500 1
£ i ] / ............ Design  : <-‘,"’>. 412 ;rms5=197 E .
: -
> N
3000 ’ HIP c<i>= 183 ; rms.=1.37 s 400 - TIB
L == MilePeds 1 &y'5=1.80; rm5.=1.38 v f 30 pm
I '] 300 [
L | i . .
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r J "1 ) 200}~
F]:. o :""’\-\: B
1000 — Pt ’/ .
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2 o 8 ey 1 "
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0 2 4 6 8 10 -$o3 002 -001 0 001 002 003
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* Impressive evolution of the Si-tracker internal alignment
with time (and using only cosmic muons):

* We already have a reasonably well aligned tracker detector NOW!

(.‘.:,,mk_,Emigxmi"e J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009

Energéticas. Medioambientales 25
v Tecnologicas 25



Some hlghllghts of CRUZET/CRAFT

I Distribution of the Mean of the Residuals for PXB I

(4]
2 = e Design Geometry: <e> =-19 um, RMS= 111um
S 100— vt CRUZET4: <e> =6 um, RMS=112um
=] CRAFT-HIP: <=> =1 um, RMS= 47 um
o - CRAFT-MP: <> =0 um, RMS= 53 um
= =
80—
60—
40—
20—

d2um

t
| f

-0.02 -0.015 -0.01 -0.005 o 0.005 0.01 0.015 0.02

<e> [em]

* Pixel-detector operational (99% barrel, 94% end-cap) and
reasonably aligned:

e 55k tracks, ~ 300 hits/module collected

s 0 Tl = J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009 26
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3281% 20.5
Mean  0.0004035 + 0,0001162
Slgma 0,02688 + 0.00013
2 [ ndf 2374131
Constant 3790+ 21.8

Constant

Hit residuals in MB1/2/3/4, after t0fit || »'/nd 206237

Constant 2548 1 18.2
Mean  0.0002221+ 0.0001325

Sigma 002708 £ 0.00015

12| ndf 3023137
Constant W71 218
Mean  4.367e-051 1.111e-4
Sigma  0.02739.£ 000012

Mean 0.0002322 £ 0.0001079
Jlgma 0.02677 £ 0.00011
1
B
MBI1 res.:
MB2 res.:
MB3 res.:
MB4 res.:

271 pm
269 um
268 um
274 pm

Run 66748, Event 8894786, LS 160, Orbit 167263116, BX 1915

i ¥ ]

Some highlights of CRUZET/CRAFT

Grand-summary

Barrel muon chambers almost 100% efficient and providing
the expected resolution/wire

-
Ciemalt
Centro de Investigaciones
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v Tecnologicas

J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009

27
27



Early physics with CMS

= NOT discussed: initial LHC “engineering” runs at Vs = 900 GeV (injection

energy), very low luminosities ( < 103° cm=2 s).

= We mostly discuss physics studies at Vs = 14 TeV, for instantaneous
luminosities in the range103%-1032 cm2 s! . The very first data (2009) will be

collected at an energy near Vs = 10 TeV (see next slide).
= We discuss physics for integrated luminosities << 1 fb-!in the CMS detector.

= In summary: the focus will be on:

EARLY PYHSICS MEASURENTS WITH THE CMS DETECTOR

J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009
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at 10 TeV LHC and 14 TeV LHC
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v" Major changes with respect to Vs =
14 TeV.:
v' Cross sections reduced by a factor
of two:

v' W/Z cross sections ~ 70% (slightly
compensated by larger acceptance at
lower rapidities)

v' Ttbar cross section ~ 50%
v" Higgs (m=200 GeV) ~ 50%

v' Strong reduction of the energy
reach for high masses and energy
scales

v' Z resonance (m=2 TeV) ~ 30%

v" One order of magnitude less reach
for new physics effects at scales of
=24 TeV

v" Subtle effects:

v" Less gluon-gluon relative to qgbar
hard interactions (PDF effect)

J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009
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How does it compared with previous
hadron colliders?

proton - (anti)proton cross sections (Inelastic) Cross
10° grrry T — r — r — 10° °
ror o sections at the LHC
107 - Tevatron LHC 107 are essentially one
- - order of magnitude
10 1o
10° . 10" 2 larger than at the
b e vezo = Tevatron

:E: 10’ Sw 10" g
10° _ =z 10° & o o .
1o [Om(Br" > 100 Gev) - g This increase is
10° 10° 3 even larger for
107 o, 107
Y N o some relevant cross
107 T (MTT20 SO S L 10° sections, like
107 500 GeV : 107 9Hi S. top-
107 ..c.)|1 PP ....1| 3 P ...:llo s PR 107 pp gg 9 p
| Vs (TeV) antitop, ...
(Campbell, Huston, Stirling, hep-ph/0611148)
Ciemalt
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Typical amount of events in 1 pb-’

QCD jets with p; > 150 GeV 1000 (10% trigger bandwidth)
JIY=> ytu-
HH 15000
Y= utu-
HH 3000
W= uv 6000
Z=> utu
HH 600
. . 20, but distinguishable from
Top-antitop =>uv + jets background?
Jets with p; > 1 TeV 10

At \s =14 TeV, per experiment, in the acceptance

J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009
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What should we do first?

1 I 1] ] T. 1 l .l 1 1 I I I I ]
- - CMS preliminary ]
“Away” - MB
“ha Region i Tracks . a
(/l.la'l e'ﬁ 1 p,>0.9 GeVic -~ i
Direction 10 il <2 | “ Jet60 =
i .. T Jet120 ]
5 | :
“Toward™ O | ", s O &
¢ Z ‘j'-a%‘\ L ;at .,y“’;‘
'D in ‘."f‘ 5 ot
1 _"‘:;,. "'\ _ &4
“Transverse™ “*Transverse” “Loward” Region ?ﬁw - Wfﬁ
- G
- o o Jd
HAway” Tmh’hz,,, ] 0% mﬂ”ﬁ“ﬂr
Away o
Region . mmmmmm ’ ‘ ‘*Turuw.mrfm"
0 -
T 10750 -100 -:550 0 50 100 150

ChgJet-track

*Understanding the LHC underlying event environment:

*The underlying activity mainly affects the “transverse” region (in red)

*This is a necessary step to tune our Monte Carlos (multiple interactions, ...)

u,:,,m" ¢.Emagmml = J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009 1



What should we do first?

Charged hadrons Charged pions
1 1 T T 1 1 12 T T T
T T T T T T T 77T 103 CMS Preliminary © q’l:;ﬁ:rfﬁd_ CMS Preliminary R
CI\ ,1 S PI'C iminary simulation simulation
I‘, r e o
L simulation . “o!0
= 2
£10 p = 107
- @ —
S C > 10° s
(] - g 3
= i | & e
x 5 g
° 1 =z £ _
] . % z
- 4 B g ©
© 3 10 < 10° y=0.9
= R < y=0.7
° ° L 4
Strip hits | e
1 roal 1 sl i1 11 N J 100 106 y=0.3
0.1 1 10 [ 1

0 2 4 6 8 10 12 14 I
p [GeV/c] pr [GeVic] pr[Gevrc]

Understanding the charged hadron spectrum:

*LLHC is a new energy domain, track multiplicities are huge.

*Studying the tracker performance: low pT, tracking, pattern recognition,
dE/dX particle identification, ..
. il J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009
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What should we do first?

L1
Offset

L3
L2

Rel: eta

—> Abs: Pt[*

L4
EMF

........ >

Flavor

L5

L6
UE

* Understanding jets. First steps (CMS):

*L1: offsets. Basic calibrations, pedestals, noise treatment, ...

°[.2: equalize response as a function of pseudo-rapidity

°L.3: Absolute scale corrections.

B Y 1
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What should we do first?

CMS Preliminary | I _ _ Normal conditions
NOQOOO L L L L DL Prompt J/y % 1200__ | | | [ Tracker misaligned
S E © L Me_an =9%0.87+003 .. Muon System misaligned
D 8000 [ ; | Width =3.74 + 0.08 R B distorted
E o b—Jiy = 1000 Mean = 90.70 + 0.05 ! N
7000 - (2] Width = 5.1+ 0.1 i
o ' IE M -
— - | Mean =91.00 + 0.03 _
& 6000 QCD background - Width =3.76 + 0.08 . % CMS Preliminary
-+ C 800 Mean = 90.91+ 0.03 —
g o = - Width = 3.77 £ 0.08 T .
S 5000 — — B 2 ]
T ] : :
4000 = 600/ -
3000 — i 1
2000 - — 4001 B
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* Understanding the lepton resolutions using mass constraints:

*Thousands of di-muons from J/Psi and Upsilon for 1 pb-!, hundreds from Z.

*Opportunity to measure very precisely tracking and muon resolutions as a
function of p, (multiple scattering, alignment, magnetic field map, ...)

Ciemalt
Centro de Investigaciones
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Why are early EW measurements interesting?

= 1) Because they are related with ‘known’ physics...

= EW properties precisely ‘measured’ in previous colliders like LEP, HERA, Tevatron.

= W/Z/y*ltop production already ‘studied’ in previous hadronic colliders (Tevatron)

= ... they become a unique tool to

= Calibrate our detectors and their response (muons, electrons/photons, jets)

= Understand detector details and develop sophisticated tools (b-tagging, b-jets,

measurement of missing transverse energy)

= Study the detector response in difficult kinematic regions (for new physics searches)
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Why are early EW measurements

interesting?

2) Because they are NOT so well ‘known’
processes at the LHC:

= This is a new (x, Q?) regime... Are parton
density functions (PDF) as ‘predicted’?

= Gluons play a more dominant role at higher

energies.

= [op precision physics is in a starting phase.
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Why are early EW measurements

interesting?

» 3) Because physics channels involving Z,W,y*,top production are
easily distorted by almost any new physics sources at the new energy
scales opened up by the LHC, even with low luminosity:

Vs (LHC) ~ 7-10 s (Tevatron, LEP) !

Drell-Yan Events/Channel (ee or [p)/Exp
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Inclusive W/Z production

v First ‘electroweak’ signals to be observed. Already at a
luminosity of 1 pb-!, thousands of W/Z leptonic decays will be at
our disposal: o(LHC) ~ several nb ~ 10 o(Tevatron).

v/ Main guidelines:
v Selection W and Z samples with decays into leptons of high purity
v Simple criteria

v Minimally dependent on calibration uncertainties and limited knowledge
of the detector response (i.e. start-up oriented).
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Example: Z/IW->leptons

v' Safe definitions of ‘hard’ leptons  v* Relaxed cuts in general on

(L=10% cm=s): reconstructed masses for Z, on
v P,>20-25 GeV (well above missing transverse energy/mass
trigger thresholds) for W
v' Well inside the detector .
acceptance (good control of > - L=10pb” CMS Preliminary -
trigger and detector 2103_
efficiencies). 5 |
v’ Loose isolation criteria. S |
L
Q
Z

-—
o
TTTTT T T TTT

v' Efficiencies and backgrounds
determined from data as much :
as possible. 1 L

M, (GeV/c?)
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Z—uu: invariant mass criteria
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Initial tracker misalignment does not distort
the shape dramatically =>
selection criteria OK to get initial samples

for alignment and energy scale calibration
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Extracting efficiencies from data

lepton probe

lepton

tag

- -y
-

bl
-~
——————

~
—————

+Extensive use of tag-and-probe methods with L > 10 pb-!:
«Select pure Z samples by tightening criteria on the ‘tag’ lepton
«Measure directly the efficiency on the unbiased ‘probe’
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Tag-and-probe method: simple example

Isolation Efficiency from Z—uu
8
1]

Llllll

Isolated global 1_,__,_-v—-'*'-_,__,__H__,__,__.__.__v__,__,_,_,_.v__,_
Tag muon with 09
pt>20 GeV 08 CMS Preliminary
Global muon 07
Probe with pt>20 GeV

MC Isolation Efficiency

_ 0.6
0.5
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lsolated Probe side is o —+— Tag&Probe Efficiency (10 pb’ Stats)
- isolated '
. 0.3F
: Probe side is T PO P PO P P P
Non isolated not isolated 2 45 4 05 0 05 1 15 2
N ()

o«Important comments:
» The method must be validated on Monte Carlo simulations
+»Some biases may arise due to intrinsic correlations between sides
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Determining backgrounds from data
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Backgrounds are relatively small after cuts, but there can be
disagreements with simulations: estimate them from data too
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Determining backgrounds from data
Methods to determine QCD backgrounds in W->1v
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Ca &
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pp->W/Z + jets

CMS: visible cross
sections [pb]
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pp->W/Z + jets

0 Not so different from inclusive W/Z production. Jet must be identified and
the QCD background must eliminated via very stringent lepton isolation cuts

Analysis from CMS (E(jet) > 50 GeV)

Number of W+jets events for L =1 fb-1

Channels W+>1jet W+2>2jet W+2>3jet W+>4jet
Wijets 260652 + 828 56702 £ 390 10964 + 178 2164 £ 81
Z+jets 9340 + 96.6 3237 £ 569 972 +31.2 259 £+ 16.1
tt+jets 12897 = 113.6 11842 £108.8 9052 +95.2 5420 £ 73.6
WW/WZ/ZZ+jets | 1077 £+ 32.8 114267 386 £ 19.6 1512123
total 283966 + 842 72495 + 409 21374 +£205 7994 £ 111

sizeable top background in W+jet channels

Number of Z+jets events for L = 1 fb-"

Channels Z+>1jet Z+>2jet Z+>3jet Z+4>jet
Z+jets 35109+ 187 6185+78.6 977+31.3 156+ 12.5
tt+jets 64 + 8.0 58£7.6 49+7.0 32::'5:0
WW/WZ/ZZ+jets | 33 £5.8 17£4.2 £ 2.3 2.4
total 35206+ 188 6260+79.1 1031 £32.2 190+ 13.8

Z + 2 jets ‘easily observable’ with L ~ 10 pb-
c:,,,m " ,E,mi_m_i\“_, = J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009
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Diboson production
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M, (GeV) Luminosity (fb™)
Di-boson production is important for:
. TGC measurements (but not early)
. Understand backgrounds for new physics (H->WW, for instance)
WZ production already observable in CMS with L =150 pb-! !!
L [ 3
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Top production

v" Top production is huge at the LHC: ¢ ~ 800 pb, dominant process is
gg->ttbar , rate ~ 100 times Tevatron for the same luminosity.

. t \| l,

TOP
CANDIDATE

Tevatron
[}

|

LHC

v Understanding top production => understanding the whole detector:
lepton identification, resolutions, isolation, jets, missing energy, b-
tagging, ... => spin-offs: jet scale calibration, b-tagging efficiencies,...

Ciemalt
Centro de Investigaciones
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Top production

v" Progressive scenarios considered by CMS:

v L ~10 pb": rediscover the top (leptonic W
decays, semi-leptonic channels, measure cross
sections for the first time)

v'L ~ 100 pb-': establish methods, precise
measurement of cross sections, first
measurements of the top mass, start to
understand detector effects in more detail.

v L ~1fb': detector ‘almost’ understood, exploit full
physics potential.

J. Alcaraz, CMS Status Report and Early Physics Plans, 9 February 2009
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Top studies at 10 pb-' (no b-tag)

* Pseudo data
CMS Preliminary CMS Prellminary CMS Prellminary @ 10pb™ [ tt (signab
T T 18 T T T » = [ it (othen
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12 .
10 .
5 E 102
£ D
4 —
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0 I 1 1 1 ] 1 2 3 4 =5
2 0 1 2 3 ﬂas e e =
lat Munllfinlicitwv
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E (I -
2 20 [
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[ [ [ ] [ J
Final states ~ 2 jets + 11 + MET Final state ~ 4 jets + n + MET
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Top studles at L > 10 pb-
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General misconception?

v There is the general assumption that detectors in
hadronic colliders take too much time to calibrate and
understand. This might not be the case at the LHC.

v Note that at Tevatron top cross sections are small and
collecting large EW samples for calibration took some time.

v" LHC detectors with an integrated luminosity of L ~ 100 pb-*
will have an enormous amount of dilepton events at
resonances (J/Psi. Y, Z) and ttbar events to understand jet
resolutions and b-tagging.

v The challenge is rather on the organizational side: we need
to process and analyze all these useful data as soon as
possible.
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What about early discoveries?
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* Using di-jet invariant mass spectrum. CMS: use ratios in
different angular regions (new physics manifests at low eta).
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What about early discoveries?

T 1 1 ' T 1 L I 1 1 Ll I 1 ]
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* 100 pb-! are enough to discover di-lepton resonances in the TeV
range, as predicted in some extensions of the Standard Model.
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What about early discoveries?

H=>WW analysis Data-driven estimates of MET+jets

P — +i +
£ 19" s Prelimitary | T bacgrounds (Ztjets, ...) from y+jets
P L=1 bl o Wosere Oy CMS Preliminary
5103 Ed_l-boson = 'EQ SN B S S S
® B Drell-Yan E Q I sy —i"Z—w v

102 _; § 10 - —— v prediction |
3 - C =
. o Typical region where
c
10 = @ SUSY could appear
] 5 1 P
1 b { §
l ] 107
1073 -0.5 0 0.5 R R R
Neural Network Output 0 200 400 600 300
F-like (GeV)
 Higgs and SUSY discoveries are not simple for L ~ 100 pb-!
*One needs to understand backgrounds and tails in detail first...
*Many data-driven methods being developed (trying not to depend
on Monte Carlo assumptions)
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Conclusions

= The CMS detector is essentially ready to analyze collisions at the LHC:
= Our sub-detectors seem to work according to expectations

= This has been extensively shown in several commissioning and test phases (MTCC,
CRUZET, LHC beams, CRAFT).

= The degree of understanding of our detector performance is already impressive (and
we are still improving it). Probably we have never seen in the past such a degree of
detector understanding previous to a running phase !

= LHC will provide sizeable EWK samples already at luminosities as low as 1
pb-1 (jets, W/Z). Many processes will become observable before reaching 1
fb-1: top (~ 10 pb'), W/Z + 4 jets (~100 pb-') ,dibosons (WZ, ~150 pb-'). They
will allow us to understand the CMS detector response in detail.

= Many new physics searches will be carried out in detail in CMS with L<100 pb-’

» CMS is now developing strategies and organizing efforts to understand as
soon as possible our detectors and the basic QCD/EWK processes. This is
very important for the success of the LHC physics programme.
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The LHC environment

:E 10° T il .'""_'Mm
% fotal /
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bR 13 ' ‘ Pl'ab GeVie
10’ 1 10 w w0 1w 1w 0 0 1
s GeV
Inelastic cross section ~ 100 mb
103-10° events/s already at startup (L ~ 10?3-103! cm2s!)
Very ‘busy’ events: mostly hadronic activity

—: e Huge radiation levels !!
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ECAL-HCAL energy correlation

S 1200
e,
‘_5' 1100
o
>
Z 1000
w
>
>
g 900
wl
®
£ 800
[21]
-
S 700
I

600

Time synchronization: time at a given
detector position approximately known
(protons spend ~ 15 ns travelling from one
side to the other of the detector)

Beam dumped in collimators
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First LHC beams seen in CMS

Before capture
Peak energy location and amplitude (RF Captured Beam)

Peak energy location and amplitude (Uncaptured Beam)
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3. Circulating beams -> captured beams in RF cavities
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