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LHC and CMS
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; LHC .

8 arcs (sectors)

8 long straight sections
(700 m long)

Large Hadron CoIIi'déj;‘

2 separate vacuum chambers B b B PEoCECHRP oo PN o _ Lake
Beams cross in 4 points S e = il . Geneva
(ATLAS, ALICE, CMS and .
LHCb)

LHCDROLE o

CERN AC/DU/MM — 2001404}
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cvs, LHC status and plans
v for 2010-11

LHC will continue to work at 3.5+3.5 TeV for GEHNFT”“EHG
the next ~|.5y i — J:‘
) k. o ET10 =
Machine commissioning (to increase instant “’% Dec 2009
luminosity) + “physics” runs 3
1 mb f—
Long stop (~| year) scheduled afterwards, to =5 | Today
prepare for 14 TeV operation oL
Short heavy ion runs in 2010 and 201 | e s
2 L Summer
© L~10°! Halen’ A 2010
End Of 1.00€+32 /F manan ¢ © 1nk |- g
summer '|0 T // [ A 2011
3 = COF, DO
§-1.00E+30 / ”Jb]* ) (end of
; —W/ \ T / run?)
1.0 i | s o o
// / (7 1':\H:!;gélg§ﬁ"'i" .E.Ht}t?x: mH=100 GaY
Today mn | November(?) - - —
7 -BRg1 - mH=
L~10% Hz/cm? 1 I:I.DID1 III.ICH 0.1 1010 10
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- The CMS detector D @

3.8T Superconducting Solenoid \ X g Total weight: 12'000 tons
Tt i "'—‘ ; “ ? ..' .

Diameter: |5 m

Length: 22 m

AN Hermetic ( _
~~#| Hadron Calorimeter (HCAL) |
[scintillators & brass]

Superconducting coil temp.: 4 K

[y =

. i il > .- A‘ =

L% Al Silicon Tracker [re®
(BN (Pixels and Microstrips) i

i

N
oy

Redundant Muon System [
(RPCs, Dirift Tubes,

MUON SYSTEM
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« The CMS tracker

) @

Silicon pixel detector surrounded by
silicon strip detectors

IN[<2.5 [N = - In(tan(6/2)) ]

Pixel

3 barrel layers (R=4, 7, || cm),
2 endcap disks

~| m? of Si sensors, 66M channels,
| 440 modules

Strips
|0 barrel layers, 9+3 endcap wheels per side

~|98 m? of Si sensors, ~9.6M channels,
5148 modules

From simulation studies

Tracking efficiency > 99% (u), >90% (hadrons)

Resolution: Ap/p ~ 1-2%
(@100 GeV, |n|<1.6)

TOB
TEC - I_Enclcap Outer Barrel
9 disks 6 layers
(also on the other Tracker
side - not shown) Pixels Support

Tube

TIB
Inner Barrel
4 layers

TID
Inner Disks @~2Am
3+3 disks o
Physics Design
environment requirements

High particle fluence  Radiation hardness

High track density High granularity

25 ns bunch crossing  Fast analog readout
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CMS, . % &
-~ The CMS HF calorimeter @%
The Hadron Forward (HF) calorimeter BSC
covers the range
29<|n| <5.2

~| Im from interaction point
Steel — Cherenkov quartz fiber
Fast readout

N, ¢ segmentation of 0.175x0.175

Embedded Beam Scintillation Counters
(BSC) used to trigger on collision
events
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2 CMS data taking in a nutshell @%

Total integrated luminosity (beginning of June '10)
0.9 TeV (3.9°10° evts —L_~10 pb™')
2.36 TeV (2:10* evts — L_<I pb")
7 TeV (L_>18 nb') ~Growing exponentially with time!

Analysis work ongoing: only a small fraction of the 7 TeV data has
been used for the results shown in the next slides

CMS has had a very good performance
>99% of detector channels operational
High data taking efficiency (~90%)
Prompt analysis chain working

First results shown already after ~2 days from first collisions!
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CMS, : : W&
-~ Trigger and selection 8.9

“Minimum bias” collision events are selected Single-diffractive
using signals from

==
BSC §——~—=

Beam Pick-up Timing for Experiments Double-diffractive

(BPTX): two detectors at |75 m from interaction 4

point that measure the presence of the beam ‘)k‘ G
Requirements:

Non-diffractive
Coincidence of BSC and BPTX on both sides

Request for a well reconstructed primary vertex

Rejection of events induced by beam halo and beam
background

Some analyses use only Non Single-Diffractive Hard scattering

(NSD) events

Selected requiring at least one tower with E > 3 GeV
in each side of HF
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Charged particle multiplicities
and p_ spectra
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Measurement techniques

®
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e

Three different measurement techniques applied

Number of clusters (hits) in the pixel detector

Track fragments (“tracklets”) obtained correlating two hits in the pixel
detector, compatible with the vertex

Fully reconstructed tracks

/
*—0—
Pixel hit counting Tracklets Tracks
p; > 30 MeV p. > 50 MeV p. > 100 MeV
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">~ Pixel cluster counting 8
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C|USteI"S belonging tO tI"aCI(S g 20_(;j].l.|.|lill|I||]11‘||||I[[|I.c.!h1llsll_
. . . . 1 _ h ' B
coming from the interaction point % °l e oo
. . . X 16 ... ... _ T
are selected cutting on their size =T U
N T4 . . e e
along z S -
& S e -
Cluster length for tracks coming S oof e

: : : s e ol
from primary vertex is ~|sinh(N)| e 8 Eun[ﬂgﬁ -------------------- E&ﬁmu?" g

—_ . pnifaeeeeeee or e EREY {|(| | IDLECERE O
_ 6H —

N D s l|]|]|]]]|]l ------------------------------ II][I]I“][I ILUoE
Short clusters coming from @ [ el ol
e conpriponeannnafjo]) I LEEEEEEE SEERRTY il QOpooondoogoonooes-
I O o] o0oas0] ﬁuu RO R
Ioopel;ls, displaced decay;, 5 of ey
secondaries are remove 5 S I S I B B
- 0—3 -2 -1 0 1 2 3

n
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__'CMS Tracklets %)][G
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Track fragments (tracklets) coming from T T T oms S
interaction point are selected exploiting the - . Data 7 TeV .
strong correlation in N between their two - .
: o - — PYTHIA7 TeV
hits )

H H . % 10_1-_ --- Pri ies i =
Combinatorial background subtracted using S Primaries in MC 3
sideband technique %

Signal region |A@|<I, |An]|<O0.I 5
Sideband region | <|A@|<2 g 10°
L
Background flat in |AQ|
MC-based corrections for acceptance, weak
decays, secondaries, pixel efficiency, splitting T L L T
-0.2 -0.1 0 0.1 0.2

An
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The third method uses fully reconstructed
tracks in pixel and strip detectors

Tracking algorithm uses several iterative
steps

Background reduced by selecting tracks

with at least 3 hits in pixel + strips
compatible with primary vertex

This method gives the cleanest results, but

Has the highest p_ threshold

Requires good knowledge of alignment and
beam-spot

» |

NN

A\ /A

et
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7 -~ Results: AN /dn A

Left: results obtained with the three methods for NSD events
Compatible within the errors
Right: averaged results compared with ALICE and UA5

Systematic uncertainties mainly coming from trigger, event selection, reconstruction efficiencies (~5%)

T I T T T ] T T T | T T I T T T ] T T T | T
| (a) # # | | | * (fMS | | (b) . . CMS |
6 4 4 ! i ¥ * A1 4 - ° ® .« o ® ¢ ¢
+ + | | 7TeV |
| |
ﬁgﬂ@é giﬁ%a_ LAY Y v s L B I
- | 4 8 " . 1 - " 236 TeV TABLA®Y 1
4 9 ¢ = 4 A AL =
© - © DAL A 4h
~ « % & 4 b b B8 *F oK ~ o Do o®° Fﬁ&#g%aﬁﬁno 0 g
8] 8]
Z | Z 0.9 TeV
© T )
| 09Tev 236TeV  7TeV | I |
2r O 0 . Cluster counting 21" B
. E ° CMS NSD .
ap 0 u Tracklet | i A ALICE NSD |
* A A Tracking o UA5 NSD
O | I | | 1 | | 1 | | 1 O 1 I | | 1 | | 1 | | 1
-2 0 2 -2 0 2
n n
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Results: p_ &

"A
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B "I’Q
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A\ /A

p. distributions fitted with Tsallis function (exp + power law)

3 2 —n
(PNay 1 EdPNg, :C(nfom)de (Hi)
dp>  2mpr pdndpr dy nT

Loose depencence on N, so fit in the whole range possible

90_ LA B T L [T ] b rprrrTrpTT | [ I .
- (a) o 7TeV pp, NSD CMS — (b) CMS -
80 — Tsallis fit = ® 104 E
—_ - . o0 o = 7 TeV pp, NSD 3
T 70F s P % 1 0 2.36 TeV pp, NSD
9 y 1 =2 O] F © 0.9TeVpp,NSD 1
% 60 1 mj=2.1 = . I N _ Teallis fi T
L N — 101 2 sallis fits =
Q_,, : : m|=1.9 % E ) E
— 50 ml=1.7 -
g 1 i=1.5 5 10°F
40F 3 L F
5 -t < 10°
L _ E
. 30f E:zé; “o
Z __ . =0, f"_"r_
N 207 m|=0.7 Q 10*F
goj . . B
1 m=0.5 N
3 I|=0.3 = 107 3 =
L 1 1 1 1 1 1 1 1 u m|:0.1 :I L1 1 I 1 1 11 I 1 1 1 1 I 11 1 1 | 11 1 1 I 1 1 1 I_
0 0.5 1 1.5 2 0 1 2 3 4 5 6
p, [GeV/c] p, [GeV/c]
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. Energy dependence A

Dependence ~ In’s

Steep increase in chh/dr]|m|z0 with energy

Similar to what is found by ALICE at the same energies

Significantly higher than most event generator predictions

0.65

J T T IIIIII| T T T T 10107 T T T T 10107 B _I T T III]II[ T T III]II[ T T T TTTTT =
% IsRinel CMS 1 7E % UAINSD O NALBC.inel. CMS ]
0.6 - % UA1 NS'D - Y STARNSD < ISRinel. 1
Tr A ET35NSD ] G A UASNsD A UAS inel. T
C B CDF NSD ] - W CDFNSD ¢ PHOBOS inel. + ]
0.55 ® CMS NSD |. ] . :_ % ALICENSD 3¢ ALICE inel. . _:
) C ] o ~ @ CMSNSD .
— - _ 1l - . 4
> 05 - E: - ﬁ?‘-‘ ]
i ] 4 —
) C ] L ]
— K - = i ]
-~_0.45— — o C ]
a N ] A .
~ B i o B i
04 - o[- ]
i ] . on” ]
0.35- - - © 7
U —— 0.413-0.0171In 5 + 0.00143 In® s . 10 . 4
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Bose-Einstein correlation
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__'CMS Bose-Einstein Correlation (BEC) %

Sasll
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e

Probability for identical bosons produced incoherently by a P(b b))
source to have similar momenta is enhanced with respect to R= L2
uncorrelated case (reference) P(b,) P(b,)

BEC gives information on the size and shape of the primary source *

R is expressed as a function of the pair Q-value: ( stig/dQ )
Q — \/_(pl o p2)2 — \/m?np o 4m%’ dNref/dQ

We parameterize R(Q) with a Lorentz-invariant form describing
the emission from a spherical region:

R(Q) = C[1+AQ(Qr)] - (1+6Q) TrRE m

Q2 is the Fourier transform of the sl -
space distribution of the emission region, s>
whose effective size is given by r; ™

A is a strength parameter and - ey i m

6 allows for long-range correlations D, source
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cvs, BEC — Signal and reference

samples

In this study we considered 7 reference
samples, considering pairs made with:

I. Opposite-charge tracks

2. Opposite-charge tracks in which one has p
inverted

3. Same-charge tracks in which one has the p
inverted

4. Same-charge tracks in which one has p_inverted

Same-charge tracks from different events
5. Random mixing
6. Event mixing based on similar dN_/dn distribution
7. Event mixing based on similar total invariant mass

No golden reference. All are used and
results are combined

Signal

Transverse plane

Reference
(Opposite p)

Transverse plane

Mario Galanti — University of Cyprus
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R(Q)
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BEC — Double ratios R

The ratio R defined above shows a clear BEC signal at low Q

Monte Carlo simulates no BEC

The distribution R(Q) is distorted by resonances and long-range correlations at high Q

These are generally well reproduced by simulation AN /dQ
We use double ratios to remove these and other Sig
unwanted features from the R(Q) distribution R = R dN ref/ dQ
Cross-check: if we form pairs with pion — non-pion R, stig MC/ dQ
candidates (identified with dE/dx in the tracker) N ’ P,
the BEC effect disappears ref , MC 0
1.8:"'|"'"'"'l"'|"'|"'|"'"'l"' 9 1.5_"'|"'"'"'|"'|"'|"'|"'|"'|"':
1.7 CMS \'s =0.9 TeV E 1_5? CMS \s=09TeV 1
:II: : Ref.: Opposite hem. same charge 3 4 ;_+ x candidates _;
1:4§ +“ * Data 1.3F ++ °  nnon-t candidates _i
1.3¢ 1.2 ® E
1.2f E

1.1 —

1.1f .

—

e 4
PR

0 02 04 06 08 1 12 14 16 18 2
Q (GeV)

=

1F
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BEC — Results

9 a

Fits are performed with an exponential and a
Gaussian form for Q:
Q=exp|-0r|, Q=exp|-0r[

Our data is well described by exponential fits,
while the Gaussian form is very disfavored
(bad fit p-value)

A single value for the BEC parameters can be
obtained by building a combined reference sample

(m=7):
_ dN/dQ Zizl dN; vl dO
comb™ ) m
stig,MC/dQ Zi:l le/dQ

Results of the fit (combined sample):

o) g
215
2 CMS \s = 0.9 TeV
o 1.4
2 1.3
o E
1.2
146 Excluded from fit

CMS \s = 2.36 TeV

Excluded from fit

IIII|IIII|IIII|IIIII‘IIII

0 02 04 06 08 1 12 1.4 16 1.8

[ % L1l III|IIII|IIII|IIII|IIII|IIII LIl IIII|IIII|IIII|IIII|IIIIIIIII

Q (GeV)

A =0.625 £ 0.021 (stat.) £ 0.046 (syst.) and r = 1.59 + 0.05 (stat.) £ 0.19 (syst.) fm at 0.9 TeV
A =0.663 + 0.073 (stat.) + 0.048 (syst.) and r = 1.99 + 0.18 (stat.) £ 0.24 (syst.) fm at 2.36 TeV

Main systematics source is the choice of the reference sample

Mario Galanti — University of Cyprus
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_CMS BEC — Results (2) %‘%%%

The parameters of BEC depend on the total charged CMS results scaled (r. = ,-/\/n)
(] (] (] . G
multiplicity in the event
. ° ° ° . Pt GIS\E:(JQTEV
The radius r increases significantly with N PP @ e cMS\s-26Tev
. . NA22
The strenght A slightly decreases - L MARKN Y os.
i P e i MARKII Jiy mix
. . . . - MARKII/y o.s.
This effect is present in 0.9 TeV and in 2.36 TeV data = —— MARKII /1 mix
i N LRt IMARKIqq \s=4.1-6.7 GkV o.s.
. . . : P HEEH i IMARKIl qq N5=4.1-6.7 G&V mi
CMS results consistent with previous measurements bt A MARRI g o0 GV o
: : [ il | MARKI g3 \'5=29 GeV mix
< 1.4r T T T T T - |'|'.'|'|E H E E . E UA1
12F CMS \'s =0.9 TeV = ' Lo T Syl
1 § = — i { ARYos.
o8E- ! E .- iAWY mix
= i 3 - — ! DELPHI
0.6F ¢ : = : P  OPAL
= 3 - : ; : P L3
0.4F ] ——— 5 5 5 5 ;L1370
0.2j e Combinod sampia - [ ALEPH o.s.
n . ! LH i i i i ALEPH mix
. 3_5§| -] Opposite hem. same charge —; IH-.-HE|.-.| ZE::;
E 5 . M =
- 25F E 2 T
2f ; = - EMem
E E - ; E665
15F ¢ ¢ 3 L : g g . BBCNCo.s.
15— s —; I-I-I-H BBCNC mix
0'55_ _g 1 11 | 1 11 | 111 | | :_IFr-IlI_: | 1 11 | 1 11 | 11 INPHI'UI":’I
0_ L L L 1 L 1 1 - |
5 10 15 20 25 mNcha';fmm 02040608 1 121416 18 2
rG

Mario Galanti — University of Cyprus 11/06/10 / Page 24



Two-particle angular correlations
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Two-particle correlations

Initial particle production modeled with “clusters”

Each cluster is independent and decays isotropically

Typical observables: size (number of decay products) and width (separation in N of products)

Two-particle angular correlations provide a Sn(An, A

_ 1,8¢)
way to measure the cluster properties R(An, Ap) = <(N -1 (BN(AU;AQD) B 1) >N
Correlations studied as a amosv 0.9 TeV wewzserer 2.36 TeV Y A [-\')

ratio R between

S, signal (particle pairs

Data
R(An,A¢)

in the same event)

B,: reference (pairs in

different events, mixed
according to similar
track multiplicity N)

R(An, AQ) averaged over
all multiplicity bins

(b) PYTHIA 2.36TeV

Simulation
R(An,A¢)
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cms. Fit of the correlation (
= distribution

The 2-D structure is ~Gaussian in An over all the AQ range

//

A\ /A

Qualitatively consistent with an Independent Cluster Model (ICM)
Distribution integrated over AQ and fitted with the function R(Arn) =« [B(A
L(An) e exp[—(An)?/(46%)] for particles emitted by a single cluster

a=K I
ICM provides a good fit over a large AN range

The effective cluster size K _ and the decay width O can be extracted from the fit

O=Ad=m/2 0<AQ=m/2 O=Ad=m/2

4[— (a) pp 0.9TeV . 4 (b) pp 2.36TeV . 4F (c) pp 7Tev

Circled points [
removed from '

fit (to reject ;‘7
. &

residual

secondary

effects)
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4WVO
2~ Results %é&
Size is seen to significantly increase with 3.0~ ]
energy 251 J P
o™ B ' _
Trend already seen at lower energies %%20: i i ]
! VU R o
Increase concentrated in near-side I o ©° ]
(0 <Ap <T/2) 3 E
Only qualitatively reproduced by EREsss e
simulation -
0.8~ i n
Width is almost constant w Ll %
. . l L ] ; (P -
Well reproduced by simulation o 06 LN O
Systematics mainly from event selection, s
tracking/acceptance, model-dependent OATS mE -
extrapolations (~4%) 102 10°  10°
\s (GeV)
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Underlying event
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Vs

- G
Underlying event [

,I¢
> |
.|
N

In a typical event at a hadron collider, the “hard” parton scattering is accompanied by
other processes

Additional “soft” interactions among beam partons (Multiple Parton Interactions, MPI)
Hadronization of non-interacting beam partons (Beam-Beam Remnants, BBR)

Products of MPI and BBR form the Underlying event (UE)

UE knowledge is crucial for MC tuning, precision SM measurements, searches for
physics beyond the SM

Leading track Leading track jet
direction direction
Starting from leading track/jet: A A
“Toward” (|A@|<60°): hard
interaction
“Away” (lA(p|> | 200)2 recoiling Transverse Transverse Transverse
jet

“Transverse”: Dominated by UE
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Correlation with leading track

s, SR, &6

In the toward and away regions, high activity due to radiation and to the fragmentation
of the two outgoing partons

It increases with leading track p_
Non-null activity in transverse region is attributed to UE
No PYTHIA tune models accurately data

CW and DW provide the closest available description

o_s_lllll||||||||||||]I\II‘III|||||\|I\ 0_6_|||IIIII\IIII\I::L:III\I\II‘II\IIII_
- :-’ % CMS - CMS A
T0.250 ", ‘ /4 T 0.5
> = I"-"", ‘-"‘S‘- A > -
@ ;*3{t > ., .'.(:7’; @ %
O, 0.2 = O, 0.4fN:"
’3]" i ] %‘* [
5015 E T 03)
~_ 0.1 * Data0.9 TeV - e 0.2 * Data0.9 TeV .
Q - PYTHIA D6T i Q PYTHIA D6T i
.l L PYTHIA DW A " PYTHIADW
o 0.05F ~~ PYTHIA PO charged particles o 0_1 = PYTHIA PO charged particles
- == PYTHIA Pro-Q20 (p_> 0.5 GeV/e, fn <2) ] [~~~ PYTHIA Pro-Q20 (p_> 05 GeV/c, | <2) |
o PYTHIA CW Ieadlng 1rackp >1 GeWc 7 - PYTHIA CW Ieadlng trackp > 2 GeWc 7
| 1 | Ll | Ll 1l Ll | 1 I Ll | | Ll
0~ 150 ‘100 -50 O 50 100 '150 0~ 150 ‘IOO 50 O 50 ‘IOO 150
A¢ [degrees] Ao [degrees]
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CMS,

Activity of the UE (multiplicity and average momentum) increases with leading jet /

Particle production in the
¥~ transverse region

leading track p..

Slower increase for jet p_>4 GeV (track p.>3 GeV)

Behavior well-reproduced by simulation (CW and DW tunes “bracket” the data)

N
\‘v

//

N

el
a =

Z

[

el

Bands are statistical+systematic errors (material budget, background contamination,

selection)

0.8

[ —— Uncorrected Data 0.9 TeV

| T T | 1T | 1T | 1T | LI | LI | ]
CMS Preliminary 7
== PYTHIA DW —
PYTHIA CW ]
statistical + systematic errors —:
w | :

1 |71

-

Charged Particles
(Nl <2, p, > 0.5 GeV/c) 7

2 4 6 8 10 '12"'1|4'7
Leading Track Jet P, [GeV/c]

oPZp /dndo [GeV/c]

o & © o o o o ©
— n oY) B [9)] 0] ~ (00]
TTTT | TTTT ‘ TTTT | TTTT | TTTT ‘ TTTT | TTTT | TTTT

o

T | T T | L |

—— Uncorrected Data 0.9 TeV CMS Preliminary
=== PYTHIA DW
PYTHIA CW

statistical + sysiematic errors

| —

1

i

i

i
AR

Charged Particles _:
(nl <2, pT > 0.5 GeV/c) ]

2 4 6 8 10 12 14
Leading Track Jet P, [GeV/c]
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Comparison with simulation A

Monte Carlo simulation does not represent well the data

Plots show data/MC ratios

Data are above MC for most tunes (except CW)

Data trends (expecially for N_) are not well simulated

These measurements allow for a better MC tuning (ongoing effort)

4_\ T | TTT | TTT | TTT TTT | TTT | TTT | TTT | T I_
[N - . - E_I T T | TTT | T 1T | T 1T | T T T | LI | T 17T | T] 4_ ||||||||||||||||||||||||||||||||||||||||
acl § EOHAGH SR FLelmina g e oMS Proiminary o Gl prciminary
O & PYTHIA ProQ20 ] 1.8 » priHiapo 35F EiH: _
F ésp\;-{ethgu%“grrors A o ] - mli 'WDDEE ] ~E s ;'I"I'I'ItFMQEﬂ ]
g 3;_ statistical + systematic errors ') _i g 15:_ -%l .wmm o ? _: ) 3:_ L H+§5g:mwu BITOrE =
S ,s Lo E T °o: 9+4 =
] 2.5¢ . o ® . E r o <] & ,:t' & . - i . o5F .
(m] E © o 1.2F .. . = o C
> b 1,0 B O E @ (. o " o o o
= 2: & . £ e—— - 2F @ E
S .. @ o _w"ae 1 % - ' ) : e .. o w6 "
8 15:_ o [ I ] _: ""‘|_D-8:_ — - 1_5_— Q ® ﬁ [ ] = n Y —
S :._,ég_,__cf" E F 06F i z | 8- -
o 1’5 & X oy ] ‘ﬁb C e 1:_ £ W ® . E
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C% Conclusions %%%

LHC has started providing very high quality data to the experiments

CMS has had an impressive performance during these months of data
taking

Early measurements on soft hadron physics give the first insight on
the new energy domain

Particle correlations and distributions are interesting results per se

They unveil shortcomings of available MC models

Useful references for the upcoming heavy-ion runs

Other analyses are being prepared as the total collected data
increase

Many more results coming soon!
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