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Outline

e 20 years of R&D, detector building, test beams,
commissioning.

e Now, LHC & CMS are up and running

e We will discuss

= CMS Detector status and commissioning
- Preparation for beam: Cosmic runs

s CMS @ LHC startup

- Commissioning with beam
- First physics results: first CMS published paper
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CMS in a nutshell

Paolo Meridiani

3.8T Superconducting Solenoid “‘ '
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‘ 4

v Hermetic (|n|<5.2)
1 Hadron Calorimeter (HCAL)
[scintillators & brass]

TR

All S|I|con Tracker

Redundant Muon System "
(RPCs, Drift Tubes, /
Cathode Strip Chambers) [\

CMS comprises

66M pixel channels,
~10M Si microstrip ch,
~75k crystals,

150k Si preshower ch,
~15k HCAL ch,

} 250 DT chambers
% (170k wires),
450 CSC chambers

(~250k wires),

|l ~ 500 Barrel RPCs
' ~ 400 endcap RPCs,

100 kHz DAQ system

L (~ 10k CPU cores),
M Grid Computing (~ 50

k cores),
offline (> 2M lines of

& source code).

182 Institutions
>3000 scientists and
engineers
~ 2000 Authors
(including students)



Last year of preparation
(sept 08 - nov 09)
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Cosmic Runs At Four Tesla

600M cosmics collected with magnetic

field and all subdetectors on i
300M in AutumnO08 50
300M in Summer09
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CMS operation

RPC endcap M
RPC barrel =
DRIFT tubes IEEE—————
ZDC
HF
HCAL Quter
HCALEndcap
HCAL barrel
Preshower
ECAL endcap NS
ECAL barro| IESSS——
TEC- B
TEC+ N
TOE
TIL/TID | —
Endcap Pixel N—
Barrel Pixel _—

95% 96% 97%
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CMS is in good
shape
>99% is operational

Good data taking
efficiency

CRAFTO09 =~ 80%
(reaching 90% during
weekends)

And during LHC first
beams was 85%

98% 99% 100%




Rewards

e Continuous preparation while waiting for the beam

= Improved stability and reliability of all online operational aspects
(services/DAQ/Trigger)
= Improved reconstruction software robustness

= Test software & computing workflows

e Deeper understanding of detector performance

= 23 articles submitted to JINST. 22 already accepted (and counting ;-) )

= |Invested the maximum effort to understand the basic detector
performance before LHC startup (especially for tracker and muon
system)
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From the 23 papers submitted to JINST...
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CRAFT: Measurement of B field

e Good understanding of the
solenoid B field in the tracker

region and in the return yoke http://arxiv.org/abs/0910.5530
= Map in the tracker volume IB| [T} Y \ / /
. Measured by probes in 2006 [ 8 /f“
at 0.005% [
. Verified in situ with cosmics ZZ \m%
at 0.1% 2'0 = n
= Field map in the yoke at first |, ik e E’Q;in
found over-estimated by 20% L i
looking at muon residuals in s L
bending plane o T /j .
- Too tight physical boundaries /

were imposed in the finite-
element model (radius,z)

- New model implemented, now
accuracy @ 3-8% level (ok for
physics)
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CRAFT: Muon/Tracker
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I 008~  AMS-250um . - : : .
2 7L e OATAeloredlon. - Approaching MC ideal alignment
S 006 msd=_mi3”um 7 3-4 ym @ module level in the barrel
qcz B mealne=a0.4um ] 3'] 4 MM in the endcap
Q | RMS =28.8 um |
£ 0.04— T comeed e -
> L RMS = 29.9 um 4
0.02 http://arxiv.org/abs/0911.4994 R(q/pr) = (a/ p7)"PP — (q/ pr)'e
;..-‘E 3, STt A M hnihend :‘ :'=§E':‘;E*15"\-"Eg""'“lg‘i"'hi‘; ﬁ(q’f pT)lower
00 400 0 100 200 ) N
A d"y /\E [nm] i ! E —=— Tune P, data
3101__ ---®—- Tune r simulation n
Splitting muons tracks in o B o[| L e .
“upper /'lower part and V4 % - Resolution is :'.'_'.f;lifli::.'i';'.-
comparing = [<1%@<10GeV/c :
N transverse ImpaCt ........................... ::._... E 8% @ 500 GeV/E._:--,_-*
parameter I I L |
lower -
« Measured p; M b)
o wE e -
CMS 2008 -
sl T R TR TR | !
10 10? 0°

;
b_(GeVic)
Paolo Meridiani 11



And finally, there was beam
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CMS 2009 Collision data

First collisions 23 November
First stable beams 6 December TS | )
First 2.36 TeV collisions 14 December E 180 e
iv CMS -
5.4 x 10> = 15 uyb ! collisions recorded: 3 12f =
all beam conditions g 1:: 900 GeV E
39x 10> 10 ub' (2.0 x 104*0.4 pb'!) @ s =
900 (2360) GeV: aF =
Tracker on, beam background rejected 2F =
0= 19:00 19:00
Recorded 85% of delivered luminosity 092 B

Quick analysis delivered preliminary results
within hours/days
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Commissioning with beam
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ECAL

x10°
§ 3= 'g ' CMS preliminary 900 GeV Data % oF "y ' cMs preliminary 900 Gevmc | First 10 peak shown already the
- . - . th
2 26 DATA 12 7 MC § 277 of November
o t M= 0.11622 4 0.00021 ] 8 65— M= 0.11672+ 0.00011 E
s TEREEEREE 3% & 07 001332000012 | 3 Good agreement with MC for
c B 7 E .
S 150 {8 peak position and S/B
L - 1w -
: Ngq = 14967 + 224 24 Ny, =37639+325 - Uncorrected energies
0.5 C ]
- S/B,,,=1.26 + 0.02 1= S/B, =1.33£0.01 - (contalnrr_lent + zero
e b ] L3 suppression) are shown here
$05 0.1°0.15 0.2 0.25 0.3 0.35 0.4 045 04 05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 045 0.5

Invariant Mass of Photon Pairs (GeV) Invariant Mass of Photon Pairs (GeV)

Only ECAL barrel (n|<1.479)
p(Y,,Y5) > 0.3 GeV

p-(11%) > 0.9 GeV

S4/59 (shower shape) > 0.85
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ECAL

> E 500_._| 17T I 17T I T T7T I 1T I T TT I T TT I T 1T I 17T I T3 ll TTTT | TTTT | TTTT | TTT |:
8 S i 7] inary 900 GeV MC 1
P o ' m =131.6+ 0.3 MeV/ ¢ E
S S 4001~ Gy, = 12.9+ 0.3 MeV/ ¢ ] ]
S S R ] 11672 0.00011 E
P = 300[- 1 222 L= Applying out of the box MC
9 B CMS Preliminary 2000 - - based corrections. 2% within
L = 7] M
= ] 1 PDG mass
= L5 -
- 39 + 325 =
0.5 - ]
- S/ : 1.33£0.01 S
o5 0.1 015 06:05™ 6.1 015 0.2 0.05 0.3 035 0.4 045 05 37035 0.4 045 0.5
Invariant Mass (GeV/c?) noton Pairs (GeV)

Only ECAL barrel (n|<1.479)
p(Y,,Y5) > 0.3 GeV

p-(11%) > 0.9 GeV

S4/59 (shower shape) > 0.85
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% with one leg reconstructed as a conversion

Soon after, also observed a peak

only with tracks (no ECAL
matching)

of 0 with one leg reconstructed L s iy 20
as a conversion & | + Data
o501 . E nDn:taFil
. . % L \ --- Background Fit
Using conversion selected S0 Il
G ‘
30 J

N
o

E | ‘o ‘ll ey - - \ ‘
n - ‘b\‘\!‘ 1

TR

Clusters only in N ' \‘\”‘
ECAL barrel (In|<1.479) :

0 005 01 015 0.2 025 03 0.35 024
Uncorrected m [GeV/cT]

p-(Y) > 0.3 GeV
IOT(TFO) > 0.85 GeV

-
o
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Electrons

[cvs2| CMS Experiment at the LHC, CERN

L’, Dataracordad: 200800811 23:2648. 425228 MY ' g ‘]60;—H o lfl3l;1ls IP:‘elli;niln‘arlylzl)(I]gl '_; 5 T Iclgms IPlre‘|irlnilnlarly‘2;}(I]‘al _;
Lumysscton, 11 & 140k V& = 800 GV 1 2 \E = 900 GV 3
< I { = . E

g '%"120: EMC others — % EMC others _:
§100; E 5 E
E 8o} 1 3 E
© 60} 4 © E
7 QL 1 o 3
2 40 - =4 E
=} o 1
/ .Q 20_ ] 3
7 A Z 9 _ 5 2 25 3 55 4
S -\ .. O e EaolPosr
2.5 GeV electron candidate with
bremsstrahlung
Reconstructed electrons candidates
Low statistics for signal in these data combining two seeding algorithms
 “ecal driven” optimized for W/Z
Comparison with MC performed mainly for electrons, starting from clusters of
background (only 1/3 of electron candidates E; > 4 GeV
are electrons, mostly from conversions) « “tracker driven” more suitable for low

prelectron and electrons in jets
Commissioning will continue in the next run

Agreement with MC is promising
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Di-muon event @ 2.36 TeV

Dimuon vertex prob = 89.5%

ct=(-31+46) um

Paolo Meridiani

" CMS Experiment at the LHC, CERN

Datarzcorded:  2009-Dec-14 03:446:50 8153
Run:

Eveant:

Lurmi section: 19

Orhit: 19245141

Crassing 21

J/w?

expected S/B in this
mass region = 16

. 37 MeV
' p:(,) = 3.6 GeV/c, p.(L,) =2.6 GeV/c, m(up)= 3.03 GeV/c? |

Mass resolution is

19



Multijet event @ 2.36 TeV

Paolo Meridiani

!| ,Ii | 3D Lego

CMS Experiment at the LHC, CERN

Date Recorded: 2009-12-14 04:21:03 CEST
Run/Event: 124120/542515

Candidate multijet event at 2.36 TeV

Jets/MET will be discussed
tomorrow in the talk
Hot Topics from CMS

from S. Beauceron
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Tracker

Agreement with MC of basic tracker performance

%10°
ﬂ _I TT1T | T I TTTT I LI I T Eullsl |P|r|9ii|r':.ilrllal T I_ E ﬁ T
E I ry - E 10
025 \E=QUDGEV
_— S 107
o i ™
g 02 b < ”
£ g
30.15 = 3 -
: =
0.1} - IS 7
: E 1
0.05 -
C g 10
D: =
0

10 15 20 25 30 35 40
Number of Valid Hits Per Track 0

—

1

I|IIIIIIIIIIIIIIIIIIII||||
CMS Preliminary
\s=900GeV

2 3 4 5 6 7 8 9 10
p_ (GeV/c)

Tracks are seeded either by pixel triplets
or pairs with constraint on the beam spot

Track selection applied here:
|d,/o|l <10
Opr/Pr< 10%

Paolo Meridiani

80 CMS Preliminary
\5=900GeV

Number of Tracks / 0.1

-3 -2 -1 0 1 2 3
Track Azimuthal Angle

Dips in azimuthal
distribution are due to

inactive modules and
are well reproduced in
MC
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Tracker: dE/dx

CMS Silicon tracker has analog

readout
The most probable value of

the ionization loss for a track

in silicon is estimated from a
generalized mean of hits
charges/path length

dE /dX = ( Zc) k=—

dE/dX computed for tracks:
«> 10 Strip Hits
compatible with primary
vertex |d,,|<2cm
|d,|<15cm

Paolo Meridiani

~10p
_S E —— Fit to reference Data
E 95_ Extrapolation L= 10
= 8F ;
o = M = P sqrt{(dE/dx - C)/K)
- 7E with K= 2.547 +-0.011
= withC= 2715 +-0.014
6
43
*
2 1
O:I 1 I‘i‘ll"lll | bl il 1
0 0.5 1 1.52253354455
P (Gevic)

p <2 GeV
dE/dX > 4.15 MeV/cm

¥

[CMS Preliminary 2000 ' "

. —— 900 GeV MC .

—a&— 900 GeV data

.3 04 05 06 07 08 09 1 11 12 13

Mass from dE/dX (gey/c2)
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Primary vertex

Transverse Longitudinal

2D
c T T T T T T LRARR c T T
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. 4 L > i
single run | 1 @500 E £ o ]
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Number of Tracks

Number of Tracks 23



Secondary vertex: b-tagging

CMS Preliminary 2009 . .
N e Using track associated
e[| With jets
E Ll * | .
3 FIL S cornin] Number of Hits > 7
0 Impact parameter
02 computed wrt primary
I + vertex
1 E
1
2040 80 80
signed 3D IP significance
CM?Flr?!Em'in'ar‘y‘zqu?’  FRJREIR.2. 30 [OP S R PR 18 CMS Preliminary 2009 1
- —om Oy PR Secondary vertices
. St = ——— [=wamm [ Feconstructed with
Loy ?erﬁi e ‘E===2ll tracks associated
g F : == with jets
r BT 1l g K, rejection:
P I—‘ —_':lsi_ |E W A s ny<2 - 5 Cm

20 2
3D flight distance significance

=B mawacasy  |[M M [>0.015 GeV

Significance of vertex 3D decay length and number of associated tracks
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b candidate

Primary

Vertex
| ,«;::‘%\ econdary Vertex (2 ellipse)
4 NS vith 4 attached tracks

All other
tracks
Pt > 500
MeV

i| CMS experiment at LHC, CERN

i Run 124022 / Event 13598392

| 2009-12-12 00:26:16 CEST
Four Tracks Secondary Vertex

SR N Bl

. 5 B )

B;tagging algorithm found a secondary vertex made of 4 tracks

* 3D Decay length 2.6mm (significance 7.02), mass = 1.64 GeV
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First CMS paper on LHC data

Paolo Meridiani

==
E%E? PUELEHED FoR SIS8A BY &) SPRINGER

RECEWVED: February §, 2090
ACCEPTED: February 7, 2000
PUELISHED: February 14, 8050

J. High Energy Phys. 02 (2010) 041

Transverse-momentum and pseudorapidity
distributions of charged hadrons in pp collisions at

+/8 = 0.9 and 2.36 TeV

CMS Collaboration

ABSTRACT: Measurementa of inclusive charged-hadron transverse-momentum and peeudo-
rapidity distributions are presented for proton-proton collisions at 5 = 0.9 and 2.36 TeV.
The data were sollected with the CMS detector during the LHC sommissioning in Deeam-
ber 2009. For non-single-diffractive interactions, the average charged-hadron transverse
momentum is messured to be 0.46 & 0,01 (stat.) £ 0.01 (syst.) GeVie at 0.9 TeV and
0.50 £ 0.01 fstat.) & 0.01 (syst.] GeVie at 2306 TeV, for pesudorapiditias between —2.4
and +2.4. At thess energies, the measured peeudorapidity densities in the central region,
-i."'q"dl,.":#fll,ﬂ.:.u, are 348+ 0,02 (stat.) & 0.13 (syst.) and 4.47 £0.04 (stat.) £ 016 (gyst.),
respectively. The results at 0.9 TeV are in agreement with previows measurements snd con-
firm the expactation of near equal hadron production in pp and pp collisions. The resnlts
at 2.30 TeV represent the highest-energy measurements at & particle collider to dats.

KEYWoRDS: Hadron-Hadron Seattering

ARXIV EPRINT: 10020621

26



Measurement of dN/dn& dN/dp-

Hadron production in soft pp collisions is modeled phenomenologically

Inclusive dN/dn & dN/dp+ distributions of primary charged hadrons are
measured @ 0.9 & 2.36 TeV
Relevant for future LHC physics: pile-up. 2.36 TeV measurement is a first step in

a hew energy regime
3 methods are used and compared. Good understanding of tracker performance

was crucial to quickly produce final results o
/ f . a SR o—
8 | —
pixel-counting i > O—_>
# ﬂ' Tracklets # Tracks
. Puo;ell (t'}m;ntlng . TricI?I?Jet_s || . Tracks
= Clusters/layer = 2 of 3 pixel layers
. Three dN/dn « Three dN/dn dN/dn and dN/dp,
measurements measurements - Mns_.t r?bust
o, agains
o Largest » Less sensitive to bgckgmun ds

acceptance but backgrounds

most sensitive to
bkg
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Event selection

e Aimed at selecting NonSingleDiffractive events with high efficiency
(rejecting a large fraction of SingleDiffractive). Efficiencies:

= NSD: = 86% NSD are chosen to minimize effect of model dependence
= SD:'~ 19% of the corrections and allow comparison with previous
experiments

e =~ 10 Hz collision rate (pile-up probability < 2 x 104)
e Measurement done on 40k events at 0.9 TeV and 10k events at 2.36 TeV

e Event selection common to the 3 methods requiring:

= Trigger level: at least 1 hit in Beam scintillation counters AND coincidence with
beam pickups (BPTX)

= >3GeV total energy on both sides
of the Forward calorimeter (HF)

= Beam halo rejection
= Beam background rejection
= A collision vertex

Paolo Meridiani 28




Pixel cluster counting

W 20
E 13__{:3:}”. - ' _,C:!'ﬁ:,_- -ﬂ piel-counting
@ R v
g 2 . . .
14l R Counting clusters of pixel hits in pixel
R e - barrel layers (acceptance p>30 MeV/c
S b _-_;,,::::5?5?:?::—‘\ Inl<2)
O N R | 4 Applying a cut on cluster length = |sinh(n)|
— . '"""[I]]u""""' e e ren aemaee e meas .....u[|[|:||:||m.. e . . .
§ O il e to eliminate loopers and secondaries
L_Sn 4__----uu|uuluuuunI]Iu-un--lmmlultl]ulnlullunﬂlul---__ (Shorter Cluste rS)
° o L eaovovont [T oo T mosne e mese.- ]
g oI Corrections for loopers, weak decays,
o e .

3 2 4 0 1 2 3 secondaries

N Independent results for the 3 layers agree
Insensitive to detector misalignment,
sensitive to beam background
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Tracklet method

| CMS

- I I T I —]

- (0) .

i ® Data 0.9 TeV ]

- O Data 2.36 TeV

ﬂ B — PYTHIA 0.9 TeV

o b o

> 101 _ PYTHIA 2.36 TEV__

g - --- Primaries in MC 7

= - ]

e - -

O L _

c B |
O
—

O 2 _

@ 10 - :

L - 7

]

-0.2 -0.1 0 0.1 0.

Paolo Meridiani

An

a Trackliets

Tracklets: pairs of clusters in 2
different pixel barrel layers
(acceptance p>75 MeV/c |n[<2)

An| and |Ag| between clusters are used
to select signal from primaries
Combinatorial background is
subtracted using Ag sidebands
Corrections are applied for efficiency,
secondaries, weak decays

Less sensitive to beam background
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Tracking method

80 -
" (a) o Data 2.36 TeV CMS P o
7 i iy
o | =23 ' Tracks
- | mi=2.1 #
] ni=1.9 Use all pixel & strip layers

1 =17

Acceptance (|n|<2.4, >50% for

=15
1 mi=1.3 pTzO] ,02,03 for Tl',K,p)
— Ii=1-1 Compatibility with beam spot and
=] [n[=0.9 . . .
| primary vertex is required |
Ini=0.5 Low fake rate (<1%) achieved with
/ - i=03 additional cleaning on cluster
IR E I Rt La o | =01
% 0.5 1 1.5 2m shapes
p, [GeV/c] Immune to beam background
Differential yield of charged hadrons in More sensitive to beam spot &
different n bins (vertically shifted by 4 alignment

units). Points include systematics errors
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Results: dN/dn

51 :
-8 i % >3
4- : g

---..E 3L 7
prd B :
5 - i
2 :— 0.9TeV 2.36TeV _:

- ® o Cluster counting i

1 C H O Tracklet .

B A Py Tracking -

L . | 1 I I | I I L | -

n

Comparing the 3 methods at 0.9 & 2.36
TeV

Error bars show systematic errors (going
from 4.4% to 2.4%) excluding common
contributions

Paolo Meridiani

o "cms | _
C 447 £+ 0.04 (stat.) = 0.16 (syst.
sk S (stat.) (syst.)
L o) 0 0 o) _
B ° o° o o ° . ]
4 | | _ ]
= Toowefeloy o L Lelse] ™o,
R, ~ e e T "
%O 3:_ \3.48 =+ 0.02 (stat.) & 0.13 (syst.)
2 } 09TeV 2.36TeV {
B ® lo! CMS NSD ]
1E A ALICE NSD ]
B o UA5 NSD ]
oL | L | ]
2 0 2
n

Comparison with UA5 and ALICE
Averaging the 3 CMS methods

Largest systematic error contribution is
coming from from the uncertaintainty in
SD contamination (2%)

UAS and ALICE errors are statistical only
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Results: dN/dp-

1/(2n p.) o N, /dn dp_[(GeVic)?

10° -

Paolo Meridiani

:(Ibl)lllllllllllllllllIIII IlllclrldlsllE

* Data 09 TeV

% O Data236TeV |

III|IIII|IIII|IIII|IIII|IIII|IIII|IIII
0 05 1 15 2 25 3 35 4
pT[GeV/c]

The transverse momentum of
charged hadrons is measured
up to 4 GeV/c (integrating up
to |In|<2.4) @ 900 & 2.36 TeV

Points (including systematic
errors) are fitted with the
empirical Tsallis function
(exponential at low p;, power
law at high p;)

Spectrum is harder at higher
center of mass energy as
expected
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Results: scaling with energy

06
0.55]
05/

0.45-

(p.) [GeV/c]

0.35

@

< ISR inel.
# UA1NSD
A E735 NSD

B CDF NSD
® CMS NSD (Inl<2.4)

—— 0.425 - 0.0197 In(s) + 0.00156 In*(s)

0.3"
10

Variation with energy of average

10° 1
\'s [GeV]

transverse momentum

@0.9 TeV

03

0.46 4 0.01 (stat.) + 0.01 (syst.) GeV/c

@2.36 TeV  (0.50 4 0.01 (stat.) £ 0.01 (syst.) GeV/c
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dNy/dnl

CMS

T T T 1T
| (b)
| % UAINSD © NAL B.C. inel.
v STARNSD @ ISR inel.
6- . UAS5 NSD A UA5 inel. ]
~ W CDFNSD ¢ PHOBOS inel.
- % ALICENSD ¢ ALICEinel.
L ® CMS NSD E
4 I —
2 I —
T ——— 0.161 + 0.201 In(s)
| @ -emememe 2,42 - 0,244 Inis) +0.0236 In*(s)
| 1.54 - 0,096 In(s) + 0.0155 In*(s) |
O | L1l | 1 1 | ] I|
3
10

10° 10
\s [GeV]

10*

Variation of dN/dn with center of mass

energy.
dN/dn(@2.36TeV )/dN/dn(@0.9TeV )

(28.4+1.44+2.6)%

significantly larger then prediction from
PYTHIA&PHOJET tunes used in the
analysis 18.4% & 14.5%
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Summary

e CMS arrived prepared to first collision data and was

ready to quickly analyze the data and to produce physics
results

= At this energies we have a good understanding our detector:
agreement with simulation is good out of the box, many years of
preparation with test beams, cosmic runs, simulation tuning

= First paper on collision data is published, 5 other papers are in
preparation

= Excellent detector performance is shown with high data quality
e Looking forward to 7 TeV data

= Explore/understand a new region of the Standard Model
= Prepare for searches

e Clearly a lot of work is ahead of us!
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CRAFT: Calorimeters

First measurement of muon iglthBJ Improved understanding of noise and
energy in lead tungstate160°; +8 GeV,  synchronization in ECAL and HCAL
Using only bottom half of ECAL _ .
Angle between muon and crystal axis < 0.5 http://arxiv.org/abs/0911.4044
radians =
Scale measured in TB confirmed at 2% accuracy = a) ; _ _
— | CMS 2008 ] ECAL time resolution
% CMS 2008 \ T op 1 as a function of
o a A - 5(1142}:%@\@{: - effect?ve ampliltude
> 10 : ol N 31507 ns 1 (amplitude/noise).
= : T=0.38+0.01 ns ] Sub-ns
A : { synchronization
LS B 1 between channels is
m [ o 1 achieved
o -
V : 1
/___,..-«l""""' UD L I2E|J':II L ,460. L .560. L Igtlml L
ol At/Sn
1
1 10 10,?, (GeV/c) For HCAL time spread measured to
Muon stopping power as a be +=2ns
function of muon momentum _ _
http:/arxiv.org/abs/0911.5397 http://arxiv.org/abs/0911.4877
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LHC sector test

Dump LHC beam on

collimators upstream to CMS o e pRnRiLa fid s SRS

Data recorded: 2009-Nov-07 22:33:21.788118 GMT
Run/Event: 120020/ 1994

2 series of “splash events” in
Sept08 and Nov09 (in 2009
collected 1105 shots)

Allow to improve
synchronization of individual
channels in calorimeters
(tracking off, muons at
reduced HV)

| CMS preliminary

EB observed energy,TeV

Barrel

_._. | Correlation between
HB observed energy.Tev  energy measured in ECAL
Paolo Meridiani and HCAL barrel 38
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Minimum bias triggers @ startup

= Hadronic Forward Trigger Minbias
rate 0.5 - 15 Hz

= HF: 2.5 <|n|< 5.

= Beam Scintillator planes

= BSC: +10.5m fromIP

= Beam Pick-up Timing
= BPTX: + 175 m from IP

= L1 Beam Scintillator Counters
= LaTrigger "BPTX" prescaled
= HLT output < 6ooHz

* Minimum Bias selection: = BCM (Beam conditions Monitor)
= BSC (OR 2 planes) + vertex: € >80% = polycrystalline diamonds (pcd)
* HF (E >3 GeV both sides): € > 80% = measure background rates for safe
» Combined high efficiency operation of inner detectors
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Tracker layout

0 400 800 1200 1600 2000 2400 2800 z [mm]
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ECAL:n

II|III|III|III|III|III|III|III_
CMS preliminary 900 GeV Data]

M = 0.4890 + 0.0080
o= 0.0529 + 0.0088

N 1
S/B,,,=0.32+0.05 -

sig = 295+ 49

11| | 1 11 | 1 1 1 1 1 1 1
04 06 08 1 1.
Invariant Mass of Photon Pairs (GeV)

III|IIIIII|III_
14 16 18 2

o 800
13 700

>
1L 400F
300F

200
100

2 600F

8 _r
S 500L

II|III|III|III|III|III|III|III:
CMS preliminary 900 GeV MC —

M = 0.5099 + 0.0067 e
o= 0.0686 + 0.0091 .

Ng;, = 812 + 105 E
S/B,, =0.26 + 0.03

M—II

bl b L bl b P By |
04 06 08 1 12 14 16 18 2
Invariant Mass of Photon Pairs (GeV)

= Mass and width compatible with MC

o 1 vyield scale as expected wrt 7°
= N(n)/N(n°) = 0.020 = 0.003 DATA
- N(m)/N(=®) = 0.021 = 0.003 MC
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Conversion candidate

CMS experiment at the LHC, CERN
Date Recorded: 2009-12-12 16:58 CET
Run/Event: 124024/14608879
Conversion candidate event

Vs =900 GeV

Ego =21.45 GeV
Egc = 11.92 GeV

Electrons produced
at the same vertex.
Candidate properties
confirm the electron
hypothesis.

Electron tracks are shown in purple, and their superclusters in pink in the ECAL.
General tracks are in blue and tracker clusters (silicon strips) are shown by small squares.

Paolo Meridiani
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J/psi expected

> Ex_pected number of upposite-éign dimuons reconstructed in the mass window 3.0-3.2 GeV,
per nb, after cuts:

900 GeV 2.36 TeV
prompt J/y | background promptJhp background
global - global

global - tracker

tracker - tracker
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Nuclear interactions

y [em]

=]
[1I1I1I[IIIIAWIW‘.II]I-IIIIIWIWI[I

I|J|I_‘IIIII\'I\_II|\lllllllll-ll.l\l_
CMS Preliminary. " - Pixel Barrel Map -

|||||'||||'|-i||'\|-f.‘f'||'|i|||||-|||\.'|
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x [em
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K from inclusive vertexing

LN LT N L I R RN

: B R R N EE R LR Y AN
CMS preliminary 2009

—=— 900 GeV DATA

—e— 900 GeV MC

600

200 g;

04 045 05 055 06 065 07
secondary vertex invariant mass (GeV/c?)
the
secondary vertex finder
on all tracks (no

preselection)

for
two tracks vertices using
the K, peak

Paolo Meridiani

A KO, candidate @ 2.36 TeV

. Pixel module

Secondary vertex

Run 124120 / Event 7247137

CMS/ ; CMS experiment at LHC, CERN
2t
) K’, Candidate at 2.36 TeV
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Event selection: numbers

Table 1: Numbers of events per data sample used in this analysis. The offline event selection
criteria are applied in sequence, i.e., each line includes the selection of the lines above.

Centre-of-mass Energy 09TeV 236 TeV
Selection Number of Events
BPTX Coincidence + one BSC Signal 72637 18074
One Pixel Track 51308 13029
HF Coincidence 40781 10948
Beam Halo Rejection 40741 10939
Beam Background Rejection 40647 10905
Valid Event Vertex 40320 10837
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Beam-gas scraping events rejection

Rum 124023 -~ BFTX_AND, no BSC halo, BSC_OR, plxel venex, HF colne

-
o

10°
Real collisions I

= 102

g

—

£
cluster-vertex compatibility

- AN S - ]
of v e A Rl A
L | T G \' - ’PI - - T T - 1 | 1 1 1 | 1 1 1 1
% 20 10 0 10 20 30 500 1000 1500 |
Z [cm] # of pixel hits

Vertex-cluster compatibility:

Ratio of #clusters in the V shape
and #clusters in the offset V-shape
by £10 cm

Beam-scraping events have
a lot of pixel hits but ill-defined
vertex
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Measuring diffractive component

The H
using

Paolo Meridiani

T | T T T | T T T
« Hun 124023 (900 GEV]I_
+  pythia - Best Fit DF
0.06 o pythia - Best Fit ND —

— pythia - Best Fit Al |

0.04 - —

0.02 —

_ o o o [u] m] o o 0O o

0 20 40 60 80 100
L E+Pz (HF+)

F calorimeter data is used to fit the SD+DD fraction in data
PYTHIA event shapes. PHOJET was also studied similarly.
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dN/dn: detailed sistematics

Table 3: Summary of systematic uncertainties. While the various sources of uncertainties are
largely independent, most of the uncertainties are correlated between data points and between
the analysis methods. The event selection and acceptance uncertainty is common to the three
methods and affects them in the same way. The values in parentheses apply to the (pr) mea-

surement.
Source Pixel Counting [%] Tracklet [%] Tracking [%]
Correction on event selection 3.0 3.0 3.0 (1.0)
Acceptance uncertainty 1.0 1.0 1.0
Pixel hit efficiency 0.5 1.0 0.3
Pixel cluster splitting 1.0 0.4 0.2
Tracklet and cluster selection 3.0 0.5 -
Efficiency of the reconstruction - 3.0 2.0
Correction of looper hits 2.0 1.0 -
Correction of secondary particles 2.0 1.0 1.0
Misalignment, different scenarios - 1.0 0.1
Random hits from beam halo 1.0 0.2 0.1
Multiple track counting - - 0.1
Fake track rate - - 0.5
pt extrapolation 0.2 0.3 0.5
Total, excl. common uncertainties 44 3.7 2.4
Total, incl. common uncert. of 3.2% 54 4.9 4.0 (2.8)

Paolo Meridiani
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NSD/DD/SD fractions

Table 2: Expected fractions of SD, DD, ND and NSD processes (“Frac.”) obtained from the

PYTHIA and PHOJET event generators before any selection and the corresponding selection ef-
ficiencies (“Sel. Eff.”) determined from the MC simulation.

PYTHIA PHOJET
Energy 0.9 TeV 2.36 TeV 0.9 TeV 2.36 TeV
Frac. Sel. Eff. | Frac. Sel. Eff. || Frac. Sel. Eff. | Frac. Sel. Eff.
SD 22.5% 16.1% | 21.0%  21.8% 18.9%  20.1% | 16.2%  25.1%
DD 12.3%  35.0% | 12.8%  33.8% 8.4% 53.8% 7.3% 50.0%
ND 65.2%  95.2% | 66.2%  96.4% 72.7%  94.7% | 76.5%  96.5%
NSD 77.5%  85.6% | 79.0% 86.2% || 81.1%  90.5% | 83.8%  92.4%
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dN/dn: comparison with MC

(o) | | CMs |
T % UAINSD {3 NAL B.C. inel. ]
[ ¥ STARNSD &5 ISR inel. i
B 4 uasnsp /\ UAS inel. _-
- W CDFNSD  { PHOBOS inel. 5
o OF i ey A% ALICE inol 7« The energy-dependence of the
T:: 4:_ E multiplicity density is steeper than
o - . predicted by the PYTHIA and PHOJET
= - -
Z" 4L B model tunes used
o [ 4
9 :_ PHOJET 1.12 E
B s —— PYTHIA 6.420 DET
3_@’@# o 0161 + 0,201 In(s) _3
1 B =eeveenes 242 - 0.244 Ins) + 0.0236 In®(s]) ]
- 1.54 - 0.096 In{s) + 0.0155 In(s) |
0—| | L1l ] L1111l | L1 11111
10 10? 10° 10*
\s [GeV]
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Tsallis function

d>N, 1 E d?Ng chh ET @
= — =C(n,T,m) +
dp3 2ntpt p dydpr dy

Limits: /
« exponential at low p-

* power-law at high p+

E
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dN/dh

HF vs BSC

=

T | T T T | T T T

Run 124023
——— 300 GeV p+p by Tracklet HF1(CM5)

——&—— 500 GeV p+p by Tracklet BSC(CMS)
| L | I | | ! 1 |

T
' cms
J5=0.9 TeV

-2 0 2
n

dN/dn

TTT TTT TTTTrrTTT T T TTT T[T T T

i"'Il"1l'1l'irl|l'lr'|i

U | |"II]

+'+i$“+'

Run1241i0-yotkin-2360GeV-1224-HF1
——— 1.3 Ta\/ p=p by Tracklet HF1{CMS)
i .38 TeV/ p=p by Tracklet BEC{CME)
L

llJIIIJIIllII II|.1I]

i

|
2 - 0 1 2
n

3

The final result is not sensitive to the trigger detector used:
BSC trigger (coincidence of at least 1 segment hit)
HF selection (coincidence of at least 3 GeV total energy)

Paolo Meridiani
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Model dependence

5f =

af - ‘S -

5 | & . ‘
Z 3 a
of ki
Run 124023 (900 GeV) ]

: _E‘— Tracklet comact by PYTHIA :

1 ~—8— Tracklet correct by PHOJET =

C 300 GeV p+ (UAS) N

0 » | | 1 La | | h

- 2 1 0 1 2 3

dN/dn

; 3
I Y POV L
e

Run 124120 (2.36 TeV) |
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Corrections based either on PYTHIA or on PHOJET event
generators yield the same final result
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Tracking method: acceptance
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Tracking method: efficiency

Paolo Meridiani

Algorithmic efliciency

Algorithmic efficiency
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Other papers in preparation

Underlying event
Two particle correlations

[

[

e Bose-Einstein correlation

e Transverse energy flow at large eta and forward jets
o

Observation of diffraction in minimum bias

Paolo Meridiani
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