STATUS AND PERSPECTIVES OF CMS

| CMS Experiment at LHC, CERN
CMS,/! P

S ; Data recorded: Mon Nov 8 11:30:53 2010 CEST

Run/Event: 150431 / 630470
Lumi section: 173

Challenges for
precision physics
at the LHC

Gigi Rolandi



CMS

Integrated Luminosity since 30 March 2010
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Reliable operations with 47 pbdelivered by LHC
CMS recorded 43 pb-!'. Overall data taking efficiency larger than 90%
Note: all subdetectors have at least 98% of all channels operational!
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CMS

Data Analysis all over the World
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Tracking and Muons
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Soft QCD: charged track multiplicities
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Momentum Resolution

J/W width expressed as a
function of the kinematics of
the 2 tracks.

The best estimate of the p;
resolution is then determined

through an unbinned
likelihood fit of data.
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“Soft muon”: a tracker track matched to
at least one CSC or DT stub, to collect
muons down to pT about 500 MeV in the
endcaps (e.g. for J/\¥)
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Muon Detector Performance

“Tight muon”™: a good quality track
from a combined fit of the hits in the
tracker and muon system, requiring
signal in at least two muon stations to
improve purity.
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Muon Performance
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J/y production cross sections
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Y production
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Momentum Scale

* Measured by Field Mapper (at 2, 3,
3.5,3.8,4T)in 2006 MTCC

* TOSCA field map agrees <0.1% _,

to ~0.01%

NMR probes 1nside solenoid confirm

agreement scale <0.1% between
2006 and 2008

December 16, 2010 Challenges for precision physics at LHC 16



Momentum Scale

Cosmic ray spectrum
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First Z>upu candidate in CMS

] CMS Experiment at LHC, CERN VU SE—
;| Run 135149, Event 125426133 W—
il Lumi section: 1345

b Sun May 09 2010, 05:24:09

Muon p;= 67.3, 50.6 GeV/c
Inv. mass =93.2 GeV/c?
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é Z to mu mu mass spectrum
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CMS

ELECTRONS and PHOTONS
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CMS

Electron/Photon Trigger

L1 trigger efficiency HLT Trigger efficiency vs energy of the
supercluster measured in ECAL
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CMS

110 Calibration stream

Candidate di-photon decays are selected directly from events passing single-e/y and single-jet
L1 triggers. After selection, only information about a limited region of ECAL (20 to 40 crystals)
1s stored for the actual calibration.
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CMS

Crystal inter-calibration is on target
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/—¢ce candidate

CMS Experiment at LHC, CERN
CMS Run 133877, Event 28405693
Lumi section: 387
Sat Apr 24 2010, 14:00:54 CEST

Compact Muon Solenoid

Electrons p;=34.0,31.9 GeV/c
Inv. mass =91.2 GeV/c?2
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Z ee mass spectrum
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CMS

QCD:

prompt y production
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TAU

/, — tau tau — mu +tauhad (three prong tau)

CMS Experiment at LHC, CERN
Data recorded: Sun Aug 15 03:57:48 2010 CEST
Run/Event: 142971 / 323188785

Lumi section: 348
Orbit/Crossing: 91187947 / 2286 \{




CMS .
Z->tau tau selection
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JETS and MET

Run : 143181
Event : 177895396
Dijet Mass : 1.695 TeV

Run : 143181
Event : 177895396
Dijet Mass : 1.695 TeV
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CMS

JET Triggers
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Particle Flow Jets (1)
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Particle flow Jets (2)

CMS preliminary, 2.9 pb’ \s=7TeV
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Inclusive Jet Cross Section

y CMS preliminary, 60 nb1 \s=7TeV
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CMS prelim

Number of Events / 5 GeV

Missing energy response measured
in events with isolated photon
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Missing energy resolution in events
with isolated photon
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W—puv candidate

CMS Experiment at LHC, CERN | B —
Run 133483, Event 19046084 R
Lumi section: 331 /

Sun Apr 18 2010, 13:03:43 C / \

Muon p, =22.7 GeV/c
MET = 37.6 GeV
M+ =55.2 GeV/c?

4
%muw-s««m
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CMS

W* and W- and theory

more tomorrow : Kesisoglou

arXiv:1012.2466
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b-tagging

Top candidate event with two opposite sign muon




CMS

Data-MC comparison for b-tagging

CMS Preliminary 2010, \s=7TeV, L=15nb "’
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Fraction of b-tagged jets

O
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b-jet / in%usive jet
-
U'l
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> t-tbar : lepton+jets

= Using 0.84pb! and requiring
at least 1 secondary vertex

tagger with =22 tracks;

2 [ cMs Preliminary e Data
o ~50% efficiency ~1% fake rate L% 10° 5_0.84.pb‘1 at\s = 7 TeV =3'M ot
. N(jets)=3 e
= 30 signal candidates over a 107 ) _
predicted background of 5.3 - e uncertanty
= tt rate consistent with NLO 10 | i
cross section :
o Up to experimental (JES, b- 1E
tagging) and theoretical (scale, : ﬁ
PDF, HF modeling, ...) — 5 3 -
uncertainties. Jet multiplicity



Top cross section in the di-leptonic
channel

arXiv:1010.5994

Full selection applied: Z-Veto, [M(ll)-M(Z)|>15 GeV
MET >30 (20) GeV in ee,uy, (eu); N(jets)=2

o(pp — t1) = 194 + 72(stat.) + 24(syst.) + 21(lumi.) pb

CMS
@ T T T
c 10 cms ® Data 7]
€ | 3tpolat\s=7Tev [t signal ‘
w [ Events with ee/upfen  [ERZN 1T |
sk [ Single top -
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- eelep/un N
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2
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First Searches for new
Physics



CMS

Di-Jet resonances
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+ Search for narrow resonances in di-jet final states.
& Differential cross section for [n,,n,|<2.5 and |An,|<1.3.
- Sensitive to coupling of any new massive object to quarks and gluons.
& 95% CL mass limits

- String resonances >2.5 TeV, Excited quarks >1.58 TeV
* Axigluons/Colorons >1.17 TeV
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Quark compositeness/QCD

. arXiv:1010.4439
Centrality ratio E D lj ets Contact interaction: excluded for A<4 TeV
n|<0.7 ( higher than expected —2.9 TeV- due to fewer-
R’? = . than-expected events at high Dijet mass)
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Heavy Stables Charged Particles

CMS Preliminary 2010 \s =7TeV 1.09 bb"
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Search for gluinos stopped in CMS

arXiv:1011.5861

.l Al Al l l ] ] Al Al l l l ]

50| g ! J' Ldt=10 pb" 95% C.L. Limits: ‘
. [ -~ - -------- Expectad: Counting Exp.
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5 [$]

Gluinos with long lifetime hadronize to R-Hadrons that are stopped inside CMS and
decay to gluon+ Neutralino, If the mass difference is large enough there is enough
energy detected in the calorimeter to trigger.
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Leptoquark search

+ Search for pair produced LQ decaying B % in utjet
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Search for microscopic black holes
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Search for W’
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Search for Supersy. ,~try
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Fig  a limit similar to this one will be set by CMS with the data of the 2010 run ~ param-
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Invariant Masses

fo + p1: 92.15 GeV (total(Z) pr 26.5 GeV, ¢ -3.03),
flo + pz: 92.24 GeV (total(Z) pr 29.4 GeV, ¢ +.06),
to + s 70.12 GeV (total pr 27 GeV),

ps + pp: 83.1 GeV (total pr 26.1 GeV).
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CMS

Higgs search perspectives

5 to 10 tb-! of accumulated lumi become very interesting
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Observation of an
unexpected angular
correlation in high
multiplicity events

arXiv:1009 4122



Correlation Function Defi

Signal distribution: Background distribution:
1  d*N*™ 1 d’°N™
S A ,A = =
v buvf .déndAw B"(An’f:p/),l\&--

N

Same event pairs Mixed event pairs

R(AN.AQ) = <(1v _ 1)(M _ 1]>

B,(An.Ag)

pr-inclusive two-particle
angular correlations in

min bias collisions
-2 b“ ) 3

ATI=771—712

Ap=9,-¢
T cMSpp7TeV 7 0
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Intermediate p1: 1-3 GeV/c
MinBias high multiplicity (N>110)

(b) MinBias, 1.OGeVIc<pT<3.OGeVlc (d) N>110, 1.OGeVIc<pT<3.OGeVlc

R(AN,A0)

Figure 7

Pronounced structure at large én around 6¢ ~ 0!
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Structure not present in
Monte Carlo

(b) MinBias, 1.0GeV/c<p <3.0GaVic

Many data driven tests done to
asses systematic effect (pileup,
beam background, tracking,

trigger)

R(AN,A0)

The signal is stable and
observed also using photons
detected in the electromagnetic
calorimeter

No &¢ ~0 structure in PYTHIA 8 at large on
Same for Herwig++, madgraph, PYTHIA6
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Multiplicity and Pt depe

Increasing py

0.1GeVie<p <LOGEV/E | 1LDGeViesp <20GeVie | 20GeVre<p <30GeVie
NS L emS pp

>

= T
F30Gevieep <a0Gevs

) —PYTHIAS -
< o ts
=z (d) N=110, 1.0GeV/c<p, <3.0GeV/c
e
-~ n“
OA
é “‘ e
— <]
S ]
<l
E ( _ﬂ_’_‘_'_,_n‘
I .
aast" '
ak

[ 90<=N<I10

R(A®)

; } ! Project |An| > 2
onto Ad

Increasing multiplicity

iala '1 .1....1 1'
1 1 1

.-
-
3

-
-

|
2

“Ridge” maX|maI for hlghest multlpI|C|ty and 1 < pr < 3 GeV/c
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Correlation in Heavy Ions

(d) N>110, 1.OGeVlc<pT<3.OGeVlc

CMS pp7TeV . - PHOBOS AuAu 200GeV

”

R(AN,A0)

Similar “ridge” in high multiplicity pp and HI
(even similar p; dependence)
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CMS Heavy Ions Run



M

=96 GeV

ete-

( E, not corrected for underlying event)
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M,., = 93 GeV : possibly the first Z ever seen in HI

CMS Experiment at LHC, CERN
C Data recorded: Tue Nov 9 23:51:56 2010 CEST

Run/Event: 150590 / 776435
Lumi section: 183
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Event Fraction

Dijet energy imbalanc

+ © )

Semi-Peripheral Semi-Central Central
0.2 T T T I LI L I L L B LI LI I D O I | | -l T T 1 T T 1T 1T [T 1T I II T I T 1 I 1T I 1T T]
0.18 C [ T g I CMS Preliminary |Ldt=3.4ub"]
F | : ! — s+ Pb+Pb 5, =2.76 TeV :
0.16 ’ I - ]
0.14F l -+ embedded PYTHIA -
0.12F -+ .
0.1F -+ 7]
0.08F : —* + .
0.06F I + -
0.04F : 1 T .
0.02 B : 30-100% 10-30% 0-10%
0 : 1 1 1 I 1 1 1 1 1 1 1 | 1 1 1 A | 1 1 | | 1 1 1 :: ] | 1 1 | | 1 | 1 :
0 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 0.2 0.4 0.6 0.8 1

A, = (E-EDVEED)
A significant dijet imbalance, well beyond that expected from
unquenched MC, appears with increasing collision centrality
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Future studies

g

faryay
J

142.1 GeV

[I‘Dhoton 0, pt
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conclusions T

s LHC is performing very well ; 50 pb-1 collected by the

end of 2010 and > 1000 pb-1 expected by end 2011

» Very interesting search program: with few 10 pb-1
already exploring uncharted territory

s CMS - and the other experiments -is also performing

very well

STAY TUN

(L]

D
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CMS Experiment at LHC, CERN

X Data recorded: Mon Nov 8 11:30:53 2010 CEST
\| Run/Event: 150431 / 630470
Lumi section: 173

One of the
first HI central
collisions

e

e >
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Jet Triggered Charged particle Spectra

Using Jet trigger it is possible to extend the momentum range of
charged particle spectra

‘o.l —r T T T T T 10 -_I(B)I — —IIIII LI IIIIIII LI IIIIIII LI IIIIIII T4
(8) VE = 7TeV CMS Preliminary S CMS Preliminary 102 (@) CMS Preliminary —
10* A . ] .
% j“""u"b HLT ME Triggered 107 = = LR JLdt 0om'
10° - © —s— HLTME — = 102 % =10. -
:ﬂ. —o— HLT, E">15GeV 10° — - % —
o* & - 1 = ° =
¥ '- HLT, £ > 16 GeV Triggered XS - . — 108 N _
-5 L m
10° s ® —— HLT, 7> 16 GeV S 107 F — 5 i :
U] e HLT,E">50GeV 83 — — '> of ]
— 7 ] 16 | — ]
3@ 10° 'q&’ ! W0 F s=7Tey, mi<2a i 3 L :
. > .9 —e—cCMS [Lat-102nb" 1 e - E
v i},g 3 % 10°F R E 10"} =
- » 9!’9” L — - PYTHIA D6T — b. B ]
TE ' Pt 10" |~ -—-—— PYTHIA Perugia0 - 8 - .
O L 111‘?m 2 3 8k _ .
10 = PYTHIA ProQ20 ’\’ 4 F
3 3 107 — o —  pp(p) — 0.5(h*+h) + X (nj<1.0) -
PN BN B I ] —— PYTHIA 8 L] 10
[ m. ..... +—y L A , 1010 —e— CMST7Tev 3 -
C I | -15 e
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2 oeE E T e B, 108 —%— COF18Tev 5 ]
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Cross sections scaled
empirically by (Vs)3!
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Data driven b-tagging efficiency

CMS Preliminary; \'s=7 TeV; L= 8.0 nb"

[2]
—
[0}
-

E | Data

30 R P Summed contribution -
C 1 f, =87.3 % = 4.8 % (stat)

o5 E | |.‘ SN fietfe =127 % = 4.8 % (stat) ]
L

20F My | T-7ea] =
r .,,l" ) ]

155 ’ B-Tagged -

105 muon jets

0

........

4 5
pre GeV/c
t

LaoofF T T
- 1‘Tr Data ]
350— ] T:l ------- Summed contribution —
: VZZZZ 1, =30.8 % = 1.8 % (stat) ]
300F RS fuetf =69.2% = 1.8% (stat) ]
250; E
200f; Anti-tagged -
150F muon jets -
100} -
508 3
B R R R oo [

O0 1 2 3 4 5
p[e' GeV/c

]

Light flavor+c fraction
B fraction

Efficiency is estimated from data fitting the p™
distribution of muons in muon jets.

B-fraction is extracted from the fit of data using
distribution templates based on MC

tag tag
egata _ f b~ N, data
- ctag  p\stag untag o runtag
fb Ndata +fb Ndata

Tagger+Operating Point Scale factor

SSV algorithm 0.98 + 0.08+£0.18
High Purity configuration
Track Counting algorithm 0.95 + 0.06£0.19

High Purity configuration




Mid Mass Regime, M,~160: N e = 0 x BR x L

Signal events
Experimental signature Ei\é LI(;I(; bef Comments
9 fb- '

H — (Iv)(lv) with n=0,1 5 times

jets 222 258 better S/B

qqH — qq (Iv)(lv) 15 20 S/B ~same
H—WW | qqH — qq (Iv)(j)) 93 120 S/B ~same

WH - (Iv)(Iv)(jj), same- 57 7

sign dilepton

ZH — (1)(Iv)(3)) 3 1




A pp — WW Candidate

CMS Experiment at LHC, CERN

\., | Data recorded: Mon Aug 2 05:02:51 2010 CES#
‘. | Run/Event: 142132 / 92434735 .

\| Lumi section: 145 Muon Oa pt 497 GeV

"1 Orbit/Crossing: 37771344 / 2186

electron

Electron 0, pt: 63.3 GeV tcMET 0, pt: 52.1 GeV

Very Clean Signature !



Reference: HIG-2008/006
Method: Counting above a MVA-output cut

Three sub-channels: 2e, 21, el

CMS Preliminary: projection for 7 TeV, 1 fb™ Mar 17 2010

1 H=>WW [ee, eu, — 95% CL exclusion: mean
10 ] [ee, o, uu] W 95% CL exclusion: 68% band

95% CL exclusion: 95% band
----- 95% CL exclusion: mean (no sys)

95% C.LJog,

1 (SRR ISR RS S < £ TETS S TEUSE FEE S
0 720 130 140 W 180 170 1m 1%0 2,

.

T v T T T T

10 150 200
Higgs mass, m _ [GeV/c?

Z
£
g
o
ES

100

SM Higgs expected excluded range: 150-185 GeV
(dashed lines are superimposed in ppt, they are not part of the plot)

Andrey Korytov (UF) CMS Week, March 17, 2010
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Low Mass Higgs M,~120: N

events

= ox BR xL

Signal events

Experimental signatures TeV Exp | LHC Exp Comments
9 fb-1 0.5 fb-1

H—yy 28 22 x4 better m,, res
qqH — qq(bb) with n b-tags 430 440
WH — Iv(bb) with n b-tags 208 49

H—bb | ZH — 2v(bb) with n b-tags 114 23 x5 worse S/B
ZH — (l1)(bb)  with n b-tags 38 8
VH — (21/2v/lv) (bb) [highly boosted] ? 1 (after all cuts)
H — (Iv)(lv) with n=0,1 jets 85 65 X5 better S/B
qqH — qq (lv)(lv) 4 4

S qqH = qq (v)@) 26 26
WH — (Iv)(Iv)(jj), same-sign dilepton 6 1.5
ZH — (vv)(Iv)(j)) 7 1.4
ZH — (11)(Iv)(j)) 2 0.5

H —tt | qqH — qq (T7) 23 22




#1 SM Hoyy

Reference: NOTE-2006/112

Method: Counting in a mass window 00, 4.2 ' preliminary
No photon categories B
50
CMS Preliminary: projection for 7 TeV, 1 fb” Mar 17 2010 ‘:
= ]
EW 14~ H— vy [no photon categories) »
o Z 10
5 12 ; — 95% CL exclusion: mean e e 16
? 104 BN 95% CL exclusion: 68% band SM Higgs mass (GeV)
— ] 95% CL exclusion: 95% band
P D — 95% CL exclusion: mean (no sys) Limits for h— 1 7 (5.4 ™) -
] § :5_ CDF Run Il Prel
6- o W - Central Photons
1 Ta
4 ' %
2- 5
0- T T y T y T T T ' T "
100 120 140 160
Higgs mass, m ; [GeVic?]
Andrey Korytov (UF) CMS Week, March 17, 2010 9
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Number of Events /2 GeV
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Requires a very performing detector since all instrumental anomalies mimic missing energy

Challenges for precision physics at LHC

Before cleaning
After ECAL noise cleaning
After HF noise cleaning

After HB+HE noise filtering

Calo Er [GeV]



Missing energy in multi je

Low luminosity — NO tails expected

L) L) I L) L) I L] LI I L) LIl LI L] L) L] L) L) L]
<>p 10* CMS Preliminary 2016
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N — - B L I L L I L L I L L I L I L I L B I L L L |
Ny o Data 3 [ —— type2 calo; (Data) u
21 [ simutation = [ — type2calof; (MC) ]
q=> w’ 20— —t— tcF, (Data) —
4 . ¥ [ — tcF (MC) e
w 02 | g B —— pfE; (Data) ]
"51 E s 50 pPfE; (MC) —
5 . T F -
.g - N ]
— 10— —
> b 3 C ]
= . N 2
] s s
1 = N \s=7TeV ]
I l | 3 - CMS preliminary 2010 -
1 . | 1 - 1 B L1 11 l L1 1.1 l 11 11 I L1 1 1 l L1 1.1 l L1 11 l L1 1.1 l L1 1.1 ]
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T
(d) pfET distribution

missing energy distribution missing energy resolution
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Trigger: A tricky BT

10° Ev/s
0.01 %

99.99 % Lv1

I i I Readout
1 - 1 Systems
v
ayer Se Event Run

Can’tUndo \ 37 Manager Control
Cut X
Copy g8 C \ Filter
Copy Merged <3C Systems
Paste 8V [ 1
Paste Into O3V 99.9 % HLT Services
Clear

Which begs the question Copy %

. . . . Copy Merged <+3C
Will your favorite new physics signal ER e
be included 1n the small fraction

of selected events?
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Preliminary Long Term -

Total Int (fb-1)

1000.00 +

100.00 -

10.00 +

Steve Myers ICHEP JULY 2010

1.00 +

010 +

0.01 -
2010 2015 2020 2025 2030
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het

The MPF Method

ﬁT,'y = ﬁT,recoil —

Leading jet

.L

Unclusfered Beam
energy

4 no real missing Er: balances the photon with
the full recoll
» the MPF response is interpreted as the
photon leading jet response if the different parts of
the topology have similar response (ideally
suited to PFets)
4 generally less sensitive to systematics than
the classical pt balance for PFjets

Underl);iﬁ"g"“ Sof‘r et(s)
event (net
outside jet)

+ offset

JME-10-010 Approval Presentation Challengesfion Presisianphysics at LHC 83 29




Correlation in Heavy _

Collective flow phenomena:

Pressure driven expansion

Reaction zA Py
plane LN \ 7 Y
g = - Px
T A/ dN/dAp
4
y e —x» — defines yy "3

(direction of the impact parameter) _ 0 A@=b-¥ T
~ COS(2A®) (long-range in n)

Extracted shear viscosity of the medium found
to be close to theoretical lower bound 1/4x
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