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SILICON TRACKER
Pixels (100 x 150 um?)
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October 2009: 182 Institutions with about 3110 scientists and engineers
~ 2000 Signing Authors (including students)
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CMS Detector in the Underground Cavern




/ TeV operations since March 30

About 3.9pb-t delivered by LHC and ~3.6pb-! of data collected by CMS. Overall data
taking efficiency >90%.

Total Integrated Lum|n05|ty 2010 (Mar 30 10:00 UTC - Sep 26 00:51 UTC)
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— Delwered 3.88 pb~!

— Recorded 3.57 pb™'
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Good performance of CMS in coping with 4 orders of magnitude increase in instantaneous
luminosity. Since ICHEP we have recorded another 3.0pb of data: 2.9pb-! validated for physics
in total (86% of the recorded data)



Sub-detectors operational status

PIXEL TRACKER

STRIP TRACKER
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year accumulating in total ~ 30 pb-1

Trigger and DAQ

L1 rate — 45 kHz
HLT menu for 6x103! is prepared , will run till the end of

Transfer to TO: ~ 300 MB/s; Rate of Stream A: 200-400 Hz;
event size after compression: ~ 250 kB.
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Data Processing,

Running jobs
31 Days from 2010-07-10 to 2010-08-10
! ! ! ! ! ! ! ! ! !
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=> Distributed data analysis at T2 exploiting grid computing

The whole Offline and Computing organization +
GRID infrastructure performing well.

2010-07-26
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CMS is well-described in simulation e.g. Tracker

|z|<26 cm |
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Using complementary methods: conversions, nuclear interactions, multiple scattering etc
Material uncertainty today better than 10%->Systematics uncertainties on physics
quantities related to material budget <1% .

UK-HEP_Forum'10-tsv 10

0.03

0.02

0.005

0



H* analyses

e CMS analyses so far:

— tt~->H*bWb->t, _,vblvb

form  , <m,

— pp->H*t(b)->1,_,vijb(b)—

form,, >m,

T. Plehn et al., hep-ph/0312286
used in CMS PTDR 2006

@, [pp—tH +X) [ph]
tanf = 30

1o

150 20 300 400 500

* All variety of reco objects used:

— high p; leptons, t,_., and b-tagging, jets and E,™ss

* Backgrounds:

— tt~, W+jets, QCD multi-jets



Muons

I_I CMS Experiment at LHC, CERN . I'ﬂlj ’
Data recorded: Wed Jul 14 03:32:41 2010 CEST - "%
Run/Event: 140124 / 1740068 ey

T
Lumi section: 3 v P

.let3

e e Y
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u Jetl
] tt->WbWhb->uvbjjb candidate

“Global” muon: out-in
“Tracker” muon: in-out

tt->WbH*b->uvbtvb analysis uses high p; muon from W for trigger.
W, Z, tt~ analyses use “Tight muons”: good quality tracks from a
combined fit of the hits in the tracker and muon system,

requiring signal in at least two muon stations.
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“Tight muons” z =l

I hadron punch-through

muons
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* Tight muon:is “global” AND “tracker” muon, :
Lerwi o< 10, > 0 muon hits, > 1 matched muon 1L .
segments, > 10 trk. Hits, >0 pixel hits, ip,, <2 mm, | :

Pr> 3 GeV 10;— '“::7:! —
— “tracker muon” : inside-out approach x 1

— “global muon”: outside-in approach+global fit : 0 T30
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trigger and ID efficiency from J/y—>up
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Muon isolation in W->puv analysis
Isolation Variable in cone 0.3:
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Electrons

CMS Experiment at LHC, CERN
Data recorded: Sun Jul 18 17:44:17 2010 CEST
Run/Event: 140385 / 90009543
Lumi section: 101

Orbit/Crossing: 26434904 / 101

tt->WbWhb->evbjjb candidate

tt->WbH*b->evbtvb analysis uses hight p; electrons from W for trigger



Electron reconstruction

ECAL * High p,electrons are “ECAL driven”:

.
Pi \ GS:,'.: Track j surface — start by high ECAL super cluster and
| extrapolate toward innermost tracker

Ee

lectronCluster layers
i — pair of hits are selected within a window
sy around the expected position (r-phi and r-
L | z planes)
) Extrapolated — pre-selections using An, A¢, H/E
BremClusterj\ - track tangents

Electron reco efficiency: Data / MC

o 1.2

--.L.l.". CMS Preliminary 2010
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v 1.1 ® crecolData)/eqeco(MC) —

+ 10 2 methods combined
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0.8

W Fit
ZT&P
W Fit
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Electron selections (in W->ev analysis)

* identificaions: based on cluster shape, cluster-track matching
simple cuts (An;,, Ad;,) Gipyiny H/E)
* Isolation in cone 0.3: cuts on X p;*/p;%, X E;EAL/p.¢, T E;HCAL /p.©

— tracks and ECAL energy associated with electron are excluded from
sums.

* yconversion rejection: no inner missing trk. hits; no close by

tracks : -
Data / MC electron selection efficiency
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ake Rate

L

Fake rate for electrons and muons

10"
10
10°
10"
107

1 0'6 1

Jet->"electron” mis. ID using jet
events and electron candidates
not matched with leading E; j

T
WP9|5 MC Fak
WP95 Data Fake rate
WP80 MC Fake rate

WP80 Data Fake rate

CMS Preliminary 2010
s=7 TeV L _,=78.4 nb”

e ID with simple cut selections
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pions -> “tight” muon
Mis. ID using K°->mt*m

n-mﬂ:llllllIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII
0.007F IMD CMS Preliminary

NE=7 TeV ]
0.006 -=Data Ly = 0.30 nb™ =

Tight Muon Mis-identification Prob.
=

= =IIII

plirn sl byl bbbyl
1 2 3 4 5 &6 7 8 9 10

Pion p [GeVic]



Jets (I)

ant at LHC, CERN
jed:Mon Jul 5 11:12:22 2010 CEST
ent (39407 1 1237838800
 setlion) 1126
reSing)| 205087657 | 1786 A

Three methods of jet reconstruction:
using calorimeter: calo jets
using tracker and calorimeter+e/u: JPT jets
using PF objects: PF jets

Jet 2 %

g PFp, 694 567



* Jet response vs p,! from y+jet data

Jets (ll)

— JPT and PF gives higher response than calo jets
» smaller energy corrections needed
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* Jet energy resolution from di-jet events

Jets (ll)

— JPT and PF have better resolution than calo jets

\s=7 TeV L=73 nb"
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Number of Events / 2 GeV

Missing E,
* Three methods of E,"'s* measurement in CMS
— using calorimeter + us: calo MET

— using tracks and calorimeter + us: tcMET
— using particle flow objects: pfMET
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Missing E; for evens with real E;™'ss
 tcMET and pfMET gives better performance than calo MET
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T reconstruction and
identification

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
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Off-line t—jet reco and ID

* Reconstruction of t-jet using
— Particle Flow objects; PF Tau
— track corrected calo jet; TC Tau

e |dentification

— basic selections based on isolation
criteria for PF and TC Taus

— advanced ID based on
reconstruction of T decay modes
using PF objects

* Hadron Plus Strip (HPS)
» Tau Neural Classifier (TaNC)




Fake Rate
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Fake rate and efficiency vs p,©iet

* Shrinking signal cone recovers 3-prong ts at p;*i*t < 30 GeV
by price of increased bkg. rate

* “advanced” t ID provides better S/B ratio

Jet->1,_,fake rate: data
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Fake Rate
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Data and MC for fake rate vs p,*iet

* Fake rate is higher in data than in MC for all
algorithms

— need more understanding

§ CMS Preliminary e  Loose Isolation Data
B _ - o Loose Isolation Simulation
L Lﬁ' 8.4nb Medium Isolation Data
\'s=7TeV o Medium Isolation Simulation
E h]| <25 Tight Isolation Data
- A Tight Isolation Simulation
B HPS
E_ ........................ : 5 iaFa AAAAA 8 —::c.)jt. _| .........................................................................
= —— Ot _
- 'SioF8te- o S
: rmww thqu:E# : ,_5_,—I—o—§
. - g S S & %C‘Eg}éﬂFgé I
E LAJ $_' T —a—
- —A—
- 1 |
IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|IIIIIII|

0

10 20 30 40 50 60 70 80 90 100

Jet P_ [GeV/c]

I CANW 1 LI
—

107

102

104

- CMS Prellmlnary e  TaNC 1.00% Data
N _ - o TaNC 1.00% Simulation
L L__ 8.4nb o TaNC 0.50% Data

\Vs=7TeV O TaNC 0.50% Simulation
5_|q|< 25 ...................................... . TaNG 0.25% Data
- A TaNC 0.25% Simulation
B TaNC
i "'j:g)i;)_'_._' *o—+—e
L rol8i8EO-TOTHO: B T s S-S S
= ..;;to‘ —pE _‘—Q—|=?=
- 1ol 1= Encmasal tE—ofE:‘:QA’_E*% |
- o mBio At ~_'*¥4'—E—
I~ 101 g0 = ﬁiA_.:F A = == T
| —A— —h r— |

i :'—A—| o
O eadh
L, bt et et
E e u:ﬁj
: l-é-l
i 3
|||||||||||III|I|||||||||||||||III|I|||||||||||||

0 10 20 30 40

50 60 70 80 90 100

Jet P_ [GeVi/e]



» EE ECal
» EE Hcal
» [EE Jets

EOet0 |27.3] -03] -2
[ETet s [i60] o8] 11
Otz | 73] -13] -23
Oket3 | 45 41| 30
OEJtq | 44 -20] 10
OOkt | 43| -03] 04
O0ets | 42| 44| -10
Oket7 | 38) -04| -28
Okets | 35 -15] -15
OEkts | 28] 30| 24
Okt 10| 25| -18] 25
O0uet11| 15| -08| 08
Oket12] 1.3 38| -24
Oket13] 12| 37| 20
Okt 14] 1.1] 07| -27

EE Tracks

[Em Muons

[EE Electrons

OE vertices

E® OT-segments
EW CSC-segments
[E® Fhotons

Em MET

[Om verexTrackassigr
=

OE akaPFJets

OO verexterger
OE vertexFinder
[Em inclusivevertices
EE genParticles

LA R A R E L EEEEESSESN,]

lollwlesle]

CMS Experiment at LHC,

Data Recorded: Sat Apr 24 08:31:20 2010 CEST

< g!

W10

VN R W W WY WY R YW

2000000000000

L- L-
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CMS b-tagging algorithms

Track counting

— high efficiency; use 2" track 3d ip significance
— high purity; use 3" track 3d ip significance

Jet probability

— use 3d ip significance of all tracks
— use four most displaced tracks

Secondary vertex based on 3D flight path significance

— use >= 2 track vertex
— use >= 3 track vertex

Lepton (e, n) taggers

Signs of Impact parameter and of
vertex decay length are defined
according to jet direction

o5
impact N

parameter
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Y jet dlrecﬁn

(wrong side) %=
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Data vs MC for b-tagging observables
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B-tagging efficiency

tag tag
egata _ f b Ndata
- ctag 5 tag untag  , yuntag
f b Ndata T f b Nduta

Extract f,'?, f,“" from fit of p,,"

for b-tagged (untag) jets with muons
CMS Preliminary; \'s=7 TeV; L= 8.0 nb"

m - ! ! ! ! ' ' ! ! —
2 35 : T | | T :
- - Data ]
30F | -------- Summed contribution -
X f, =87.3 % = 4.8 % (stat) ]
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Fake rate
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VHP discriminator

mistag _\ _ .
Caata = Cdata” Rlzght

mistag , —
Riight = €pc ° /€mc
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8data g/‘C;MC 8 _f(ij 'nj )

slightly less than 1.



tt~ with e/ptjets

CM | CMS Experiment at LHC, CERN

- Data recorded: Wed Jul 14 03:32:41 2010 CEST
.| Run/Event: 140124 / 1749068
i

Lumi section:

Jet p; =15



Events

Jet multiplicity;

e+jets
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Events / 0.1

How QCD “e”+jets is defined from data:

Fit function to isolation distribution in
non-isolated (QCD dominated) region

e Extrapolate to isolated (W-like) region

100 CMS Preliminary e Data ~ c 10 CMS Preliminary ~+ Data -

78nblatNs=7TeV  __ Exponenetial Fit - "g 78nblatvs=7TeV Exponenetial Fit -

80 ----- Extrapolation - g 80 ----- Extrapolation _—

B ] w l i

60 I w—stv 7 60 B w—stv ~

Wl zy =T ] W =T ]

40 N(jets)>=0 [Jacpaysjets 40 N(jets)>=1 [Jacpaysjets -

20 — 20 =
% 02 04 06 08 1 12 14 16 % 02 04 06 08 1 12 14 16

Relative Isolation

Relative Isolation

Isolation extrapolation method (e+jets)

Fit Range N&Ep(Z0-jet)  NEE(>1-jet)
0.1-1.6 67 =9 40 £ 6
0.2-1.6 73+ 13 46 =9
0.3-1.6 71 £ 17 45 =12
Average N&¢ép 70 + 35 44+ 22
Prediction NS 63 +7 12 +6

QCD




Events / 5 GeV

Missing E. in tt~->lbjjb analysis
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W+jets, W->ev, nv

* QCD backgroundis obtained from the fit
e tt~is substracted using Monte-Carlo

Leading jet Et distribution

number of events / 5 GeV

. CMS preliminary 2010 Js=7TeV
In W events o . . l . .
2 i’k * det=193nb"_:
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conclusions

* After twenty years spent on the design, R&D,
prototyping, construction, assembly and
commissioning CMS is recording high energy
collisions.

* Preparation of the experiment, the offline and
computing systems, and physics analysis work
flows has allowed very rapid extraction of
quality physics results.

* Looking forward for the Charged Higgs boson
analyses with data !
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Pioneer analysis in CMS in ~ 199X
Search for heavy charged Higgs in pp->tH™, H™->tv

The channel H*->tv ->h + E;™54X from pp->tH*, t->qq'b production is

potentially the best channel to look at massive H*

Backgrounds : tt~, Wt, W+jets. Selections :

+ +
a) gg->H'tb, H"->1v, t->bqq - different © polarization for
b £ 0 H*->tv and W->1v
T HT's) cuton py/ Eqjet > 0.8
v - b tagging + veto on 2-nd top

- E{™SS > 100 GeV, E1* > 80 GeV

5 "\o. 20 F — 1 T T :It 1 5
+ + + U, = o F pp > tH™ +X
b) gb->H't, H'->wv, t>bag Hr's) 1§ Brep &
+ T v Mmoo sk m,, = 200 CeV/c*
b H " % az g E tang = 30 E
‘.";l -.‘L-? 3| Ap(r ot EM™) > 200 ]
g t i 3 or cMs E
< g7 :
: ’ I3 ;
0 Method : g
- use t->bjj so that E;™* gets contribution 25 E
uﬂnl}'“ fmm Higgs decay 00_ 5|D ‘ 100 I 130 I 2(;0 I 2;0 HS;)D
- Jacobian peak mi(7 jetE™) (GeV/?)

 CMS analyses so far:
— tt~->H*bWb->t, _,vblvb
— pp->H*t(b)->7,,4Vijb(b)

10

T. Plehn et al., hep-ph/0312286
“used in CMS PTDR 2006

@, [pp—tH +X) [ph]
LEN O tanf = 30
-1
m=m+m 2T T
150 200 300 400 500
m, [G=V]

* Objects involved:

— High p;e/ps
— Jets and E;™s

— 1t and b-tagging

e Backgrounds:

— tt~, WHjets
— QCD multi-jets



UCSB/UCSD/FNAL, LIP

tt~ : Golden Dilepton Candidate

* MU +4-jets + 2-tags+MET:

-0.3 -0.2 -0.1
M | ot recrdod Sun 3ul 8.1 ]
g i sostan: 160 | 1105508
=03 0.3 3
= 02 0.2 —E
"0 01~
=) 0 —f
= 0.1 -0.1 —E
0.3 0.2 0.2 0.3 0.4 0.5
SSV’s found for these 2 jets
Object Algo p; (GeVic) n ¢ (rad) d, (cm) orb-tag
W, global 56.80 -1.43 213 0.01
1, global 27.10 -2.04 -1.90 0.01
jet, calo 5313 0.71 0.01 3.68
jpt 55.69 0.71 0.02 3.68
pf 63.71 0.72 0.03 3.68
jet, calo 46.30 -1.14 0.90 3.75
it 4452 -1.18 0.94 3.75
pf 54.95 -1.21 0.97 3:75
MET calo 54.84 2.37
tc b7.72 2.18 eu
pf 55:12 2.32

CMS Experiment at LHC,.EERN
Data recorded: Sun :13:

> M, =26 GeV/c?

(T

Values for Track Counting
<€ High Efficiency. Recall:
TCHEL: TCHE > 1.7
TCHEM: TCHE > 3.3




