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A Compact Muon Solen0|d UNIVEI%IIw
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~1m? ~66M channels
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12/06/2012 ICFP2012 3



Data taking N ONVERSITY
 Data taking 2011 :

L nb!

« Js=7 TeV o ' '
. 5 /fb were certified as ‘golden
+ Pile-up up to 20 data usable by all analysis
* Max. luminosity 3.5 1033 cm-2s-!
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Data taking N ONVERSITY

 Data taking 2012 :

L =
/s=8 TeV Already about the same amount of
* Pile-up up to 35 @ 7.1033 cm2s!  data as in 2011 after only ~2 months !
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Sub-systems | T

« Trigger L1/HLT :

L LT

l' .v
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%
J

Design: L1 output 100 kHz
HLT output ~300 Hz

NN
o cadey

Example : L1 muons, DTTF (track finder) and CSCTF turn-on curves
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Sub-systems
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« Trigger L1/HLT :

HLT example : multiple jets and btag trigger

Efficiency
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TCHP discriminator

o
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CMS preliminary 2011
\s=7 TeV, L =147 pb’

T I‘J

TCHP stands for the Track Counting High
Purity b-tagging algorithm
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HLT rates overview

Pradicted and Observed HLT Rates
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The triggers with highest rates are
predicted with precision of ~5%
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Sub-systems | e

« Tracker (pixels) :

Resolution (pixels + strips) : S BN T N =
A - ZH R T gl
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« Tracker (strips) :

Resolution (pixels + strips) :
OPT/pT ~ 15 '10-4 pT(Ge\/) + 0.50/0

CMS Preliminary 2010
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« ECAL:

Sub-systems N ONVERSITY

Resolution (barrel) :

oE/E # 2.9%/JE(GeV) + 0.5%

x10°

Events / 1 GeV

I A
~ CMS Preliminary 2011, 7TeV

T L=4.7fb"

ECAL Barrel

60

“Z
% No corrections

N
% Intercalibrations (IC)
A

—e— IC + transparency

120

M,, (GeV/c?)

Overall effect of single channel

intercalibration and transparency
correction on the Z—ee invariant mass
in the ECAL barrel : instrumental
resolution of 1.0 GeV in ECAL Barrel

12/06/2012

Relative E/p scale

1.02 T T T T T T 1 r r r rr—r—r—Tr—Tr—Tr—Tt T T T T 7T T 1 1T T 171 T T T T
- CMS Preliminary 2011 —+4— wlo transparency correction
1.01 CNs=7TeV L=46/b —+— W/ transparency correction RMS  0.001416
’ E ECAL Barrel —— 1/ transparency correction

MN‘/"N‘ )
W

26/04  26/05  25/06  25/07  24/08 23008 23/70 O 20 40 60
date (day/month)

Single electron energy scale (E/p) stability in
the ECAL barrel for 2011 CMS data measured
using W—ev events: in the barrel (endcap),
average signal loss ~2.5% (~10%)
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« HCAL :

Resolution (barrel) :

oE/E » 120%/JE(GeV) + 6.9%

HCAL mean response :
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HCAL mean response for |n| < 1.1
using isolated tracks with p+>5 GeV
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Sub-systems | T

Muon system : DT

Resolution (muon system + tracker) :
op+/pt ® 1% for low pt muons
opt/pt & 5% for 1 TeV muons
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Sub-systems N ONVERSITY

* Muon system : CSC

Resolution (muon system + tracker) :
op+/pr # 5% for 1 TeV muons

Rechit efficiency vs local phi : Endcap 1 / Station 2 / Ring 2

CMS 2010 Preliminary
R “*ﬁﬁﬂff{qfﬂ{ﬂﬂ L
30 P
0193: i SO S 10 R S ,;E 0.9 E GMS 2010 Preliminary
- 2 0sE CSC ® MEf1
o.gT ............................................................. a\ E
C E D.?_—
C =S F A J ME21
0196: .................................. % ulez_
C : : : : 5 0.5
: | 3 . Mot
0‘94: . S ................ ................ ........... uai_ . ELI:I ME31
| I 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1l | 1 —
0.1 -0.05 0 0.05 0.1 02— v
local phi. rad g @ ME32
.. . ) = % ME12,22
Efficiency as a function of local ¢ of strip L K MBS
Instantaneous luminosity (10¥cm2s"
The CSC hit resolution varies from 56 The CSC background trigger rate as a

to 140 ym function of the luminosity

12/06/2012 ICFP2012 13



Sub-systems A ONVERSITY
* Muon system : RPC 7 ' |

Time resolution < 3 ns

| | FrTTT | TTTT | TTTT | TTTT | TTTT | | | | =
§ 100 . . —
= ;qJLﬂJﬂlrﬁdﬁhr O gﬂIFH;
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o C ] > 1.04p =

X 90- - = 102k ~5- DatawithRPC 7

- ] I —s— Data without RPC

851 L~ s F E

N B - c 0.98F —

B . . ] o - o 0 .

80:— CMS preliminary E % oo6f Tt % =

- efficiency for RB3 W+1 . 0.94 :_ _:

751 Data 2011A . T F .

i « mc ] o2E E

70— - 0.9F =

:I 111 | 1111 | [ | L1111 | 1111 | [ | [ | L1l | [ | | |: 0-88 :_ _:
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[~ 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1
RPC chamber 0.86 50 700 150 200 250

muon p
Example of the efficiency for all the RB3 T

chambers of the Barrel Wheel+1 Efficiency for muon identification

with and without RPC
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~ Sub-systems = ™QRR

* Overview : live channels fraction per sub-system

PIXEL TRACKER

STRIP TRACKER

PRE-SHOWER

ECAL END-CAP

ECAL BARREL

HCAL FORWARD

HCAL ENDCAP

HCAL BARREL

MUON-RPC

MUON-DT

MUON-CSC

90 91 92 93 94 95 96 97 98 29 100

MUON- | MUON- | MUON- | HCAL | HCAL Fglg:ﬁhﬂ ECAL IIEE(I:'I?)I- PRE- Tg-:(a:l:E T;E(I:EIFEE
CSsC DT RPC |BARREL ENDCAP D BARREL CAP SHOWER R R

‘ Series1 98 994 98.3 99.5 99.3 993 99.1 98.9 95.1 97.8 97.1
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Object identification =~ ™M

Key:

fMuon
Electron

Charged Hadron (e.g. Pion)

— — — - Neutral Hadron (e.g. Neutron)
----- Photon

T

Silicon
Tracker

3 Electrornagnetic
}_|! I ' Calorimeter

Hadron Superconducting
Calorimeter Solencid

Iron return yoke interspersed
with Muon chambers

Transverse slice
through CWM5

D Bernay, CERM, Febromey 2004
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Object identification

« E/y

HLT e/y efficiency for an offline object matching with an L1 object :

Efficiéncy of Electron fitep of HEI.T

o In<1.442

o 1.56<[n|<2.00

>‘1_01_| 1 T 1 LI B B I B L |_ >‘101_| 1
Q - Photon HLT Efficiené:y 1 Q -
()] - : | @ B
6 1 00 R & 6 1 00
¢ 5 ] g e r e
L -t ] L -
0.99F + - 0.99F +
0.98} . 0.98}
0.97} E% | 0.97}
; CMS Preliminary, 7 TeV. * [n|<1.442 E E CMS Preliminary, 7 TeV
0.96F . 0.96F
- J | dt =23 nb" o 1.56<p|<2.50 - - J L dt =23 nb”
C | | | | | | | | | | | | | | | | B C | | | | | | | | | | |
0.95 20 40 60 BOSC 100 0.95 20 40 60
EX° (GeV)
Electron reconstruction efficiency :
Measured Error MC
Z Tag & Probe efficiency (stat. + syst) | efficiency
Reco Eff Barrel 99.3% 1.4% 98.5%
Reco Eff Endcap 96.8% 3.4% 96.1%
12/06/2012 ICFP2012
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Object identification IV
Isolated photon purity :

. CMS Preliminary 2010 \Js =7 TeV o CMS Preliminary 2010 \s=7TeV
B T T T T T T T | T T ] > B T T T T T T T | T T |

;3%_ R J‘L dt=2.9 pb-T B Q!S_ 1? J‘L dit=2.9 pb'1 —
- Il <1.4442 ] - 1.566 <[n|<2.5 1

0.8 - 0.8 _
0.6:— —: 0.6 i

B ! Loose (stat) ] - i

o oy ; s i

i i Loose (stattsyst) B Loose (stat+syst) -

02" Hi# Tignt (stat) - 0ol [} Tight (stat) B

Tight (stat+syst)

20 30 40

2><:II 0?
p. (GeV)

10?

Tight (stat+syst)

20 30 40

2><ﬁo2
p! (GeV)

10?

Measured purity (ie. fraction of prompt photons) for both barrel (left) and
endcap (right) regions requiring isolation criteria The tighter selection got
higher purity but lowers the detection efficiency by bout 20%
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Object identification R INNERSTY

Events por 10 MeV

* Muons :
31105_ T 1 T T 1 T T 1 T T 1 T T T ]
s ;
L B :
M . . . L ~ —
Dimuon mass spectrum: superposition of various S 0.95F+% MS Prelimioary.. ]
dimuon trigger paths N 3011 data {/5=7TeV ]
7 0.9F== 1
o - ]
o u .
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th - .
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CMS VE=TTeV c 0.8 o ]
10" g - ata ]
' = r —=— MC .
104 i ow p_ double muon 50'75: ;
high E-T double muon E - l—*— Datla:'MC 1

a_ 0.? 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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z

Isolation efficiency

—
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101

107
dimuon mass [GeV]
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Object identification =~ ™M

e Jets:

Jet composition : Comparison data/MC :

is =7 TeV

CMS preliminary, L = 4.9 fb" CMS preliminary, L=49f6" (s=7 TeV
_I ] T T T U | I T T L T ] T T I ]

E ~
= E i -+ Charged hadrons lyl<1.3
EU c .  =Photons d E
=0 9 3 +Neutral hadrons
= =) C « Electrons
0. .f_'E o - Muons -
m n 4
e Wt
Q 5 e
TR =2 4L ]
I'.LD'E g 1:. ]
E i ' L B 1
; @ * % 4 4 38 * *
@ It:':'l CI ]
T LR ' :
o 4 ]
| Tag-and-probe muthndl
30 100 200 1000 30 100 200 1000
p, (GeV) p, (GeV)

Jet composition in dijet and Zpu+jet samples shows agreement for track
(charged hadrons), ECAL (photons) and HCAL (neutral hadrons) energies to

within 1% in barrel
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Object identification R INNERSTY

' MET in Z—pp events :
CMS preliminary, Vs=7 TeV CMS preliminary, Vs=7 TeV
E e + RunAData Mean = 14.34 f "YE + RunBDam Mean = 17.63
3 — exp.Z - W RMS =5.98 3 —— exp.Z—u'w RMS = 10.44
10" = Q] exp. Background Msan = 13.73 = 0.40 10°E" [ exp. Background Msan = 17.43 = 0.76
I Sy=. Uncertainty RMS =B8706=072 . M Sys. Uncertainty RMS =1042=1.11

o* 10

: :

E E
3|8 ]
Es ES
o = o =
'.uiu- .E
- 5

45 1 I 1 1 | 1 1 I 1 | 1 1 I 1 15 1 1 I 1 1 I 1 I 1 1 I 1 1 I
“0 50 100 150 ~0 50 100 150
E™= / GeV E™= / GeV

MET distributions agree well between data and MC (simulation was
corrected for jet energy scale and the jet energy resolution is smeared

to match that observed in data)
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* B-tagging :

CMS 2011 preliminary, (s =7 TeV  4.7fb"
= I
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- s data
4 simulation total
= —— b quark
2 __ b from gluon splitting
» c quark
: | — uds quark or gluon |
0 100 150 200 250 . 300 5
jetp, [GeWc]W

Average number of selected tracks
associated to a jet
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mistag rate

Mistagging rate for both data (red) and MC (blue’
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Outlook N BRIVERSITY

* High luminosity counterpart : pile-up

@0.09 B 0.0ar
5 ; |-‘ — 2011 5 r Primary Vertices
$0.08/ —— High PL 5 o.us | 2011
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. L x ] B o A= ! 1 L1 L1 |I 1 . L by e TR
0.004 Eh 40 lD'l;'l 5 10 15 20 ég- 30 35

CMS Simulation

 Effect on lepton efficiency (few percent), isolation efficiency, MET and
jets resolution ...

» Example : the top mass resolution is expected to be worse by 8% (in 2012
against 2011)
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Outlook RWTHAACHE

« Expectation for this year data :

= 15 /fb of integrated luminosity, needed in particular to close the Higgs
question

= |uminosity to be reached : 7.1033 cm-2s-! with pile-up up to ~35

= the pp data taking should be ended by the end of October, then will start a
one month heavy ions program

« Long Shutdown 1 (2013- September 2014) :

= A lot of activities/improvements in the detector

 Longer plans :
= upgrade (see talk by Aldo Penzo "CMS upgrade”)
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Conclusion i

The CMS detector performed excellently in all aspects, from the
data taking to the various sub-systems

The live channels fraction is in average higher than 98.5% for all
sub-systems and the observed resolutions are within the design
resolutions

The object identification (E/y, muons, jets, MET, btagging)
performed also very well, giving the ingredients for all analysis

The 2012 pp data taking is on-going, with the target of 15/fb of
integrated luminosity

The CMS detector is ready to cope with higher luminosity and
consequently higher pile-up conditions



