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 The LNF group in CMS

* LNF group activities:
— Resistive Plate Chambers performance
— Muons in CMS
— Analysis of Z 2ut Y-

» Conclusions
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Tasks and Responsibilities inFn
in CMS - fpme daztonae

In green topics covered in this talk

® Main Responsibilities:
e Gas Gain Monitoring System for the RPC muon detector
¢ |3 responsibility (S. Bianco)
e RPC detector Operation Management
e |2 responsibility (L. Benussi)
e RPC Detector Performance Group Responsibility
e |2 responsibility (D. Piccolo)
e Gas purity and filters: studies and optimization
e side activities:
e Muon system performance
e CMS RPC Upscope and Upgrade
* R&D on optical sensors for gas contaminants (PRIN project co-
funded by MIUR)
e T3 computing
o Physics Analysis:
e Analysis of Z 2 p+p- Cross section



The CMS detector mfr?
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CMS layout and detectors

SUPERCONDUCTING ECAL Scintillating PEWO, CALORIMETERS
COIL /| Crystals

HCAL Plastic scintillator
. | copper
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TRACKER

Micro Strip Gas Chambers (MSGC)
Silicon Microstrips
Pixels

The MUON System
3 different technologies of gaseous detectors

“MUONBARREL Drift Tube (DT) in the barrel (In|<1.2)
.._/j: Cathode Strip Chambers (CSC) in the endcaps
ape—, || (0.9 <[n| <2.4)
| Chambere (BT)  Chambers (RPC) i bRet?St'Vs Plalte %harzbers ((RP?) =10
‘ e s | otn In parrel and enacaps (up to =1,
Lo MUON ENDCAPS PSR O
Overall length :21.6 m Cathode Strip Chambers (CSC) : : :
 Magneticfield :4 Tesla | Resistive Plate Chambers (RPC) All detectors used both in triggering and

reconstruction
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The CMS organization ;ygn

Physics Analysis Groups

EWK

QCD Higgs

%hysicg Objects Groups

Muon

Jet/MET

X Nr Physics Groups

L—/ Istituto Naziona
di Fisica Nuc

" Frascati group is deeply involved in all green items

DT

RPC

Calo

Hardware operations Software and Analysis
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| First 2.5 months of 7 TeV operations wN
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About 20.5nb-1 delivered by LHC and ~18.7nb-1 of data collected by CMS.
Overall data taking efficiency ~91%. After quality flags and data certification
for physic (~90% ) we end up with ~17nb-" of good data for physics.

CMS: Integrated Luminosity 2010
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The RPC system (V...
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Fast Trigger dedicated detector both in Barrel and Endcap

Double gap bakelite plates with graphite FW - up | BW _up
electrodes and strips readout |' = ] | = J
|| GAS GAP || || GAS GAP ||
FW - down BW - down v
96.2% C2H2F4 [l HV electrodes (gmpl.ite)L
Double gap RPCs in Avalanche mode: — =l
* lower gain (to cope with high rate up to 1kHz/cm2) RPC Location
* higher amplification 'n Barrel and Endcap
ME4 ME3  ME2_ ME1 | I I
[ I MB/3 ]
| | — ]|
A time resolution LHBE i} N—
of ~2 ns allows BX i
i tag without L CRYOSTAY
/ ambiguity
About 12 x 24 spacers per Roll 1 —
480 ch(barrel, 6 layers)
Good space resolution (~1cm) 432 ch (end-caps, 3 layers)
Trigger with pattern comparator At least 3 layers up to |n|=1.6
162k channels
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The RPC trigger -
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0.07 0.27 0.44 0.58 0.72 0.83 0.93 1.04 1.14

nof— iAo Sl S T The detector is divided in 33

ISR T P Al & S g o o geometrical regions (towers)

a0t % PR P . :
| B WY BT . N e along the n coordinate according

T 7 to the position on

s 77 b | a reference layer

= 1.81

1.97

-] 2,10

Ll Cones cover 2.5 ° in ¢ (8 strips)
' on the reference layer

0 200 400 600 800 1000 1200 °
Z(cm) - -
R PC Muon Station 4 - Segment i

3-6 layers per cone depending REPC Mhon Station 3
on the tower.

-
® “ g tion 2 (reference)

PAC algorithm: strips in the :> =

cone matched to a set of "~ [RPC Muon Swtion 1 =
pre-determined patterns. Medium Pt Negative Mucn s, Mosdim Pt Rositive Maon

defined on 4 layers defined on 3 layers

Select 4 higher pt muons from barrel and 4 from patiern: (0.0.0)
- - ernne on ayers
end-caps and deliver them to Global muon trigger 9



trigger studies

* More than 1 year of Cosmic Data tacking
— Detector commissioned in detall

 Several thousands of inclusive muons
collected since the start of LHC:

— Fine time synchronization of the detector
— Detection efficiency

— Trigger performance:
* Work in progress still not official results

RPC Detector and  [MF¥,

10



Detector Performance: mf,?

the method O e

Selection of muons according to reconstruction |
. . . . DT segment
Quality (number of hits in the fit, good vertex) ~ RPColste
4’&1 !
Extrapolate segments used in the muon S o B
Reconstruction on the RPC plane R,
\/\"3%
= !
| Muon Trayectory
RPC . o — |
DT/ / 4D—Segmem—;(
CSC MB3 ) .
Extrapolation For each extrapolation on a given chamber
/é// Check if a RPC hit is present at a distance below

2 strips from the impact point

11




RPC performance during mfr?

Cosmic Runs (e pemenare
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RPC performance during
LHC Collisions

| Efficiency per Sector Wheel -2 |
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Average Efficiency:
95.0+£0.2 %
Fully meeting design specs.

Detector details under
study
13
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& Muon Reconstruction

)
/88

Muon reconstructed independently both

in Tracker and in muon system
* Inner tracker dominates resolution up to 200
GeV/c due to multiple scattering in the iron

» Above 200 GeV/c, improvement from

comblne_d muon-tracker fit _ Global Muon
Resolution measured by comparing : bined fit
bottom and top leg of the cosmic track rom combined Tl StandAlone
Muon track

T —— Full system T —e— Full system One more muon type:

é --o-- Inner tracker only J; E --e-- Inner tracker only - Tracker Muons . match tracker track

: "1 with muon segment

e I B First Data collected used

| / f To xCheck Reconstruction
wh__ AR B tzsn<24)algorithms

o IR T R (T R R 14

10 102 10° 10 10? 10°

p, [GeVic]

p, [GeVic]
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Pseudorapidity distributions INFN
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types of muon candidates:

- Tracker muons: tracker tracks matched to least one segment in the muon system.

- Global muons: combined fit of all tracker and muon

N = N -
o' | ® Data ° 2‘ C ® Data
Traooo[ s o e fom et 7 2000 B s o ot
- B I hadron punch-throughs - — Il hadron punch-throughs
E . [ mistagged tracks E 1800 — [ mistagged tracks
1T} B L C .
10000 — CMS preliminary, /s = 7 TeV 1600— CMS preliminary, \'s = 7 TeV
= L = 0.2 b C L, =02nb
: " Global M
8000/~ - obal Muons
: Tracker Muons 1200
- (90 000 tracks) - (18 000 tracks)
6000 — 1000—
B 800—
4000— 600 -
- 400 —
2000 — =
B 200
-2 -1 0 1 2 -2 -1 0 1 2
Pseudorapidity n Pseudorapidity n

Pseudorapidity distribution peaks in the forward region because of a lower p;threshold to reach muon
stations.

More Plots in Backup slides

1
Good agreement with MC prediction including heavy-flavor (b- and c-quark) decays (cyan), hadron punch-through (black), an?
mistags due to accidental matches of non-muon tracks with segments in the muon chambers produced by muons (green).



)
INFN
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0.985/nb of pp collisions at 7 TeV (now 18/nb)

Global + glabal or tracker muon Global + glabal muon
330’:""'1 llllllllllllllll | L L LN AL ] &-; [T T T[T T T[T T T T[T I T T[T T T T[T T T[T T T T[T I T T [TTTI[TTTT ]
S | ‘cMs Prellmmary Ns=7TeV - S 16 cMS Prellmmary Ns=7TeV -
o I 5 L -
w0 25— ] :,?, u ]
S r 14 Q E
s | - I g -
2200 - 2% E
E 810 -
S T > 10— B
W15 — “oE .

8— 4 ]
10 - 6 -
i i 4__ *_. _:

T

cc e b by 1 ] gl
27 28 29 3 31 3.2 33 34 35 36 96 27 28 29 3 31 32 33 34 'B& 3.6
u* - mass (GeV/é) u* u° mass (GeV/¢é)

NS
b S e e B
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Z =» u* U cross sectiont s

« Benchmark for muon reconstruction and
identification

* Precision test of perturbative QCD and
parton distribution function of the proton

* Together with W corss section is the first
electroweak process to be masured at
LHC

« Starting point for other EWK studies and
background for new physics

17
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CMS: Integrated Luminosity 2010

2 20 f_ (-:ivere : nb™'
- 183_ Del d 20.52 nb 60_2/0_2 at 5 % Ievel
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candidate hunting, rediscovery

We are here
~# of Z— |l 5 50 500 5000 50000

> —o— o —9 >

v

100 ub* 1 nb'  10nb?* 100nb* 1pb' 10 pb! 100 pb™ 18
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L= |J+ ™ CIrOSS sectionl s

Short term approach:
Z—p (2 global muons) -Cut and count Nmm

— quality cuts relaxed so far (negligible background)
— both muons with pt > 20 GeV/c  -fix efficiency from MC
— at least one with |n|<2.1, other

Longer term approach:

with |_ﬂ|<2-4 -Global fit to Nmm and
— trk iso < 3 GeV/c (AR<0.3) efficiencies
- Tag & Probe
Gemetrical acceptance Trigger efficiency

N

MM

\
. *I7 -> u+pu- =
e ST P P S 1T (el

Reco efficiency Quality cuts efficiency Isolation efficiency .4



5 candidates
Z to 2 global muons

Expected number of event per nb-';

Z—>uu (60-120) = 0.313 ev/nb-"
W—uv (60-120) = 0.0001 ev/nb-"
QCD (60-120) = 0.0003 ev/nb-"
ttbar (60-120) = 0.0026 ev/nb!

With 17pb-' : 5.3 events expected

Data collected

)
INFN
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107

=1 1 |

CMS Preliminary 2010 -

L, =16nb”'\s=7 TeV

-#- data
[CZ—-p p
BW-opuv
I QacD
1

L1 11111l

| IllllIIl

| lIIlllIl

0 20 40 60 80 100120140160180200

" (GeV/c?)
20
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CMS Experiment at LHC, CERN WU E—

Run 135149, Event 125426133 ———
Lumi section: 1345 /

Sun May 09 2010, 05:24:09
. W 1
Muon p;= 67.3, 50.6 GeV/c
Inv. mass = 93.2 GeV/c2

21
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from 0.1 to 10 pb-

L(pb-1) 0003 00t 005 o0t 02 03 04 05 06 07 08 09 i 2 3 4 5 6 7 8 9 10

Z}l],l 1 3 14 26 53 82 111 136 167 199 231 257 286 559 839 1104 1386 1653 1948 2211 2473 2753

etrk Fit from data

€Sa Fit from data

£iso Fit from data

ehlt Fit from data

dY/Y 100,% 57,% 26.0% IQT% 13.4% 10,7% 9.6% 8.6% 7.6% 7.4% 6.6% 6.3% G.T 42% 3.6% 3.1% 2.8% 2.5% 2.4% 2.2% 2.0% 2.0%
By the end of July ? By the end of year ?

Very soon we will enter a new domain where we could use

Data driven method for efficiency and Background estimates
22




% Data driven methods: mfr?

alternative approach e emonare
LNF group involved with other Italian groups

| 5 independent samples of Z candidates selected |

1)Z, " =Two isolated global muons, both muons HLT-matched

2)Z 7 =Two isolated global muons, only one muon HLT-matched

2HLT 4 7 1HLT =
zlm Zum Zlm

3) z, " 'so = Two global muons, one of them not isolated, at least one
muon HLT-matched
4) Z . = One global muon HLT-matched + one StandAloneMuon, no overlap with Z |

5)Z " One global muon HLT-matched + one tracker track,
no overlap with Zw and Z“s

Samples are mutually exclusive:
we fill sample n only if sample n-1 is empty after selection cuts
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10 pb equivalent statistics
NZHLT _ n 2 2 2 22 Get the Z Yield and
2 ' pa g NZ—utp (IILl'rlw(lrk(*G) . . . . .
X° = N + Efficiencies in the same fit
e
(Nap™T = 2Nzt~ HLT(1 = EHLT )€l i €20) Y .
N, - More details in Backup slides
+ + nonboz‘ - -
e + X + X0 1-bin histograms for
Z *™andz "™
Z > j + (UNMAMCNOT) track mass .’b.,..‘- = Z > 5 5 Not 150 mass | Wem
[ bed e nn
i [ Co A -

I 1" || ‘\4‘ T[(‘} | z‘ - a ..‘i’..":' ..“' ZJQM

(1 D S NN N

W+ (unwatohed) track invariant mass (Gev ¢ »» Invariant mass (GeVa') 24
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* We will continue to work on Z=» ppu analysis

* In 2011 we will reduce our efforts on hardware and will
devote more time to analysis tasks

* The Group of Physicists involved in Data analysis is small
(3 people were 2 in 2008) but well integrated in CMS

and fruitfully collaborating with other CMS ltalian groups

*Possible future involvements:
o7’
*Higgs = ZZ
*Other channels involving muons

25



CMS Computing in  inew
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The CMS Frascati group actively contributed to the
design of a Scientific Computing Center in Frascati

within the Scientific Computing Service Working group
LNF report LNF - 10/ 5(IR)

Computing needs are presently minimal (small T3)
and completely met by the Computing Service support,
in a spirit of full collaboration

26



» 2 Physics papers published
» 2 Physics papers submitted

* About 30 detector performance with
cosmic ray published

* 6 presentation at Conferences from LNF

group
* 8 Technical papers published

27
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e CMS RPC is a unique playground for well-motivated
students for both Physics and Engineering.

e Many responsibilities on the detector side (Operation
Management, Gas system, Detector Performance)

e Involvement in CMS on muon studies from the detector
to the physics

e The group is active in SM topics, several young
candidates are eligible for temporary contracts (we
submitted a request to the Lab)

® In 2011 our Detector effort will be reduced and we will
be more involved in Physics Analysis

28



BACKUP
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Good data-MC
agreement

L] Data
1 muons from heavy flavours
I muons from light hadrons
I hadron punch-throughs
[ mistagged tracks

CMS preliminary, \'s = 7 TeV
Ly =0.2 nb™

Tracker Muons

107 =
10
1=
0 5 10 15 20 25 30 35
p[GeV/c]
)
; 22000 Ii] 2?1:;5 from heavy flavours
4 I muons from light hadrons
8 20000 T I hadron punch-throughs
QV_ ra C e r [ mistagged tracks
(=]
‘\‘,,'18000 CMS preliminary, s = 7 TeV
.2 16000 Ly =02 b
- \Y
14000 . .

w uo Secays in flight
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p and p, spectra
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., Global Muons

[ vaia
1 muons from heavy flavours
I muons from light hadrons
I hadron punch-throughs
[ mistagged tracks

CMS preliminary, \s = 7 TeV
L, =0.2nb"

int

p[GeV/c]

%

Global
Muon%

Heavy flavors

L] Data
[ muons from heavy flavours
I muons from light hadrons
I hadron punch-throughs
[ mistagged tracks

CMS preliminary, \s = 7 TeV
L, =0.2nb"

int

ecays in flight
(73%)

(25%)

e cosashane o 30

b
2 14 16 18 20
pT[GeV/c]
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Entries/(0.2cm)

10*

10*

10°%-

primary vertex

éTracker Muon

Impact parameter w.r.t.
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[ muons from heavy flavours
I muons from light hadrons
I hadron punch-throughs
[ mistagged tracks

CMS preliminary, \s = 7 TeV
L, =0.2nb"

Entries/(0.005cm)

-0.2

-0.15

0.1

Decays in
flight

ETracker Muond

-0.05

blobal Muonsg

[ muons from heavy flavours
I muons from light hadrons
I hadron punch-throughs
[ mistagged tracks

CMS preliminary, Vs = 7 TeV
Ly, =0.2nb"

® Data

[ muons from heavy flavours
I muons from light hadrons
I hadron punch-throughs
[ mistagged tracks

CMS preliminary, \'s = 7 TeV
Ly =0.2nb™

10°

Entries/(0.01cm)

Heavy

w2l flavors

10}

-0.4

0.3 -0.2

0.1

0

0.1

o Data

[ muons from heavy flavours
I muons from light hadrons
I hadron punch-throughs
[ mistagged tracks

CMS preliminary, Vs = 7 TeV
L, =02nb"
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10 pb" equivalent statistics

W u invariant mass distribution |
i u invariant mass distribution | : [— Z->u 1 ]
: - - - - - - 'l I LI ll LI IE
z_>u u 10°F
Z 2HLT
) —W->p v ™
107E =
- 10F E
10 1 :
] 0 20 40 60 80 100120140160 180200
13— p p invariant mass distribution |
N 108 1
] I i I : :

! THLT
0 20 40 60 80 100120140160180200 Zm .

3560 Z,, candidates from signal

(60<M<120 GeV/c?)

splitted in 2991 2HLT and 569 1HLT _
Very few bkg under the peak 107

0 20 40 60 80 100120140160 180200



Data driven methods mfr?
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Tag & Probe methods:

- Tag a muon in sample of Zmm with tight criteria

-Probe any loose defined muon

-Cinematic cuts to select Z invariant mass

- Check efficiency for the loos muon to be identified with
tighter criteria

-Define maps of efficiency vs n O Pt

- correct the sample of good dimuons
(with negligible background) with efficiency from T&P
event by event

33



Fit results (10 pb™' norm.)

. zMass
Z -> i + (unmatched) track mass — o5 Z -y u Not Iso mass | ‘ Enmz:hu -
” Mean 77.02 " Maan 7a.81
5 [ RMS 33.27 T10° _RMS 27.15
> =
w | ] | ' 4 ] A

T WAL - e .
‘g WH‘H\ i %

PR | il PRI | | - L4 PR PEPE S BPE N BETEE BRI ST |
0 20 40 60 &0 100 120 140 1680 180 200 C 20 40 60 4] 100 120 140 160 180

|

u + [unmatched) track Invariant mass (Gevic?) u . Invariant mass (GeYic?)
Z > u + (unmatched) standalone mass  2Mass
Entrics 13
Mean o402

£l me__ns  Chi2/ndof = 67.5/30 = 2.2

w

! Z
j! } A Parameter  Fit value
fo N,.... 3818 = 64
| AR M, 88.2 + 1.7 GeV/c?
| " . 4.1+ 2.7 GeVic?
I I O T crra

1 + (unmatched) standalone invariant mass (GeVic”)



Fit mo.

Fitting strategy

divuu. P,
i - f““ )

A72HLT
AV funim)
dee BN

n LHLT
-(L\»"P - = fuu(m)
dm n
dN,,,; I
1 e Trslm )
cirre ’
dNue
dm = S\ 17 ’A)

TION 150

ﬂ&"i" T fnon isol'n.,-)
dn B VT

7 P Crp)
"\m‘;';eak‘."') )

-2HLT
:\IMM

-1HLT
‘\’uu

fpea(m)

fpcak(7n)

\

Bkg shapes: exponential + polynomial

Signal shape in Z . gaussian

fpeak shape is not

fitted; Z  histogram
is taken as template
for it, since bkg is
negligible
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10 pb’ equ:valent statistics

p u invariant mass distribution |

i 1/ Invariant mass distribution !

lllll: L B ™ v ™Y T
—5 1 1 z noniso
1 i 5 cand
1 3
'10.— - E
: 10'F =
r 10_2 1
0 20 40 &0 B8O 100120140160180200 0 20 40 60 80 100120140160180200
jt p invariant mass distribution | - ppmvanmt mass distribution
—Zpp |
al W-spv | -
: ot ]
- QCD 1
ar 3
- Z
21 [
[ cand,
1 3
e PR EPEPETE | .:

U520 40 60 80 100120 140160 180 200 %20 40 60 80 100 120 140 160 180 200 36



