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g Production Cross Sections ak the LHC
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® Cross sections and background estimates
(measured, calculated) tell us what minimum
energy and luminosity we need from the
colliding beams and therefore what the
detector must be able to handle

& Production dynamics determine the range
of energies and angles we heed to measure

. Inelastic background events
“ produced at a rate of 1 GHz,
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',: Supersymmetry ~ 1Hz

| Detectable Higgs
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Produc&ioh ~ 1 milliHz |
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g A Detector to Look for New Physics

:
P

* There are a variety of possible decay modes for the
Standard Model Higgs, depending on its mass

* There are many candidates for new physics
* Supersymmetry
* New interactions, e.q. Technicolor
* Exbtra dimensions
* Right-handed gauge bosons
* Many, mahy more ...,

* A" discovery detector”, also called a “general purpose
detector” at LHC must be able to study all these states
and separate the interesting events from a much larger
background of uninteresting stuff that has the nasty
habit of mimicking new physics and misleading us
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How can we do this?

*  Heavy objects decay into Lighter objects
* The “lighter objects” are the particles of the Standard Model

-

* Photons, electrons, muons, T leptons, ‘[{QES (Light quarks ud,
s ond gluons)- especially “b-jets”, “charm jebs”, “top”, Ws,
and Zs

* Only a few particles are stable enough to be measured
direa&bj: e, Y, plus some hadrowns: pions, kaowns,

protons, neutrons

* Partons, quarks and gluons, manifest themselves as jets
of particles so iden&fgjing “jebs” and measuring their
angle and energy becdmes important

* It is a requirement for finding new physics to be able to
measure all the khown SM objects

* Particles may leave the detector without interacting
* Neubrinos are khowin SM par&icias that do Ehat all the time

* There may be NEW massive weakly interacting particles that
behave sidmilarly

* These can be “detected” by observing mi.ssmc? transverse energy ,
“MET”, so it is a requirendent to be able to detect it
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One Fossibui&j is using the old technology of Bubble Chambers..
wwhere one has a “picture” of individual particles

/ N |
/&

But data rate far

far too Low..
whot remotely encugh rate
to find new physics




niversity of lllinois
Chicago

CMS is radically different from detectors

_ _ of the previous generations
High Interaction Rate

pp interaction rate 1 billion interactions/s

Data can be recorded for only ~102 out of 40 million crossings/sec
Level-1 trigger decision takes ~2-3 us

= electronics need to store data locally (pipelining)

Large Particle Multiplicity

~ <20> superposed events in each crossing
~ 1000 tracks stream into the detector every 25 ns
need highly granular detectors with good time resolution for low occupancy
= large number of channels (~ 100 M ch)
Slide kalken
High Radiation Levels from I, Virdee 1

= radiation hard (tolerant) detectors and electronics
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armilab

University of lllinois
at Chicago

Very good muon identification and momentum

measurement |
Trigger efficiently and measure sign of TeV muons dp/p < 10%

High energy resolution electromagnetic calorimetry

~0.5% @ E;~ 50 GeV
Powerful inner tracking systems
Momentum resolution a factor 10 better than at LEP
Slide bkalen

Hermetic calorimetry - from 2. ﬂ é
Good missing E- resolution |

Transparency from | &

the early 90% B

(Affordable detector) L abe RS §

mmee— ————
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&1 CMS Debector

SUPERCONDUCT ING HCAL Plastic scintillator/
ECAL COIL | brass sandwich
Scintillaking
PbWO4 crystals

- IRON YOKE

S

TRACKER > -

Silicon micro strips p ; S o

Pixels ‘§\

% . MUON

Length: 21.6 m -
Diameter: 18 m MUON BARREL ENDCATS
Weigh&:. ”13-,500 tons Drift Tube Resistive Plate Cathode Strip Chambers (CSC )
Maghetic Field: 4 Tesla Chambers ( DT ) Chambers ( RPC ) Resistive Plate Chambers (RPC)
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g Particle Flow Event Recownsktruction

* This is the way I was taught to do physics

* Similar (i spirit) to Bubble Chamber pictures
* Mebthod of choice at e+e- colliders

° very clean environment

* low particle mulkiplicity tompared ko

number of readout channels

* Historically not used at hadron colliders

* very messy environmenk

* high particle multiplicity compared to

number of readout channels

* CMS uses Particle Flow Event Reconskruction
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g Goal of Particle-Flow

¢ Reconstruct and Ldeh&i:ffj all particles

* Y e T K pile—up converted v & nuclear inberaction 3.
* Use best combination of all CMS sub-detectors for E, n, @, pID

* Provide consistent & complete List of IDA & calibroted particles for
* Tau reconsbtruction & Jeb reconsktruction
* Missing & total Visible Eherqgy determinakion
* Other, analysis spetifi,c, objects (event or jet shape vars, ekc)

* Use of Redundant Information: Calorimeter & Tracking
* Good: Belter Calibration (data driven) and Resolubion possible
* Challenge: Must have accurate accounting

* Very different from “Traditional” Tau, Jeb, MET Reconstruction..
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g Required Ingredients for PF

* Large Volume Traciker

* high precision, high efficiency tracking is erikical
* High Maghetic Field

* needed for gqood pT resolution

* heeded o separate charged from neubral particles
* Highly Granular Calorimeter

* heeded o separate charged from neubral particles
* Good Calorimeter Energy Resolution is :

* needed for qood photon, electron £ resolution

* not so critical for Hadrons
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g Key CMS Compomnents for PF
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Key:
Muon
Electron
Charged Madron (e.g. Plon)
w s w « Neutral Madron (e.g. Neutron)
""" Photon
i
e CMS Lc\eatbg sm&ed bo T |
recownsktruc tdenti arEches
* Tracker: & ‘F'j P

. Lm‘ge Volume, High Accept: R > 1m, 3+10 layers, |n| < 2.6
* Eff % 95%(99%) (), fake rate % 1%; pr < 160 MeV
* Solenoid:
* High B-Field = 3.8 T
* eECAL:
' Fine Granularity, High Accept: anxae = (0.01%7)%; |n] < 3.0
* High Resolution: o % 3%/VET
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ATLAS vs. CMS

CMS

o 100%

Ecal+Hcal pion o~ B 7%
resolution Er VET Er v/ B
MET resolution U(ET) - 50% U(ET) ~ 1207% P 2%
(TDR) EET \/ EET ZET V EE'T
e trackor “;Z;T) ~ 1.8% @ 60% pr Ug; 1) 0.5% @ 15% pr

resolution (TDR)

(py in TeV)

(py in TeV)

B field inner
region

2 Tesla : p; swept < 350 MeV

4 Tesla : p; swept < 700 MeV

ATLAS has better aaLorime&rj ; CMS has better bracking

Improve CMS MET resolution using full detector

16,07.2011
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Using the Detailed Full Detector
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Significant improvement achieved for leptons wwhy not for taus,
bj using the Detailed Full Detector.. wahd also Jeks & MET ?
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g B&t‘é‘“@{“@.&\\l@i@?ﬁ esk, ‘for s

Calorimeter transverse energy uncertainty for charged
hadrons:

o(Er) ~ 100% /Er

Tracker transverse momentum uncertainty for charged
hadrons:

o(pr) ~ 0.01% (pr)°

The poEME abt which the calorimeter resolubtion
overcomes the tracker resolution is (very roughly):
o(pr) _ o(br)

&
~ — ~ 103 =~ 464 GeV
pT Er PT ©
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CMS Preliminary 2010 Anti-k, R=0.5
\s =T TeV, MC P > 25 GeVic

. Mos&bj charged piowns, laons and pro&ons,
but also some eleckrons and muons

o
PL_ MRS

0.6

0.4

Mean Fraction of Jet Energy

* Mostly from 7%, but also some genuine
photons (brems,...)

Long-lived neutral hadrons : ~10% \

« K°, heubtrons

Short-Lived neutral hadrons, “V°%s” :

© K=, A = ap, ., but also v conversions, and (more
problematic) nuclear interactions in the detector material.

| CHTRG SRS
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Calorimeter Tower
o 1 HCAL Cell

o 28 ECAL Crvsf:o&s underneath

(Loss of granularity)

L

4

# Calorimeter Jets
o Large Jet £ Corr,
o Resolution HCAL

o 100%

— &

E JE




Calorimeter Tower
o 1 HCAL Cell
o 28 ECAL Crvs&ats underneath
(Loss of granularity)

Charged hadrons

o spread by high B-field
o degrades angular
resolubtion

Calorimeter Jeks
o Large Jet £ Corr,
o Resolubion HCAL
o 100%

]

E~ JE



{ Use B-field and hi-res kracker to
our advantage!

Charged hadrons
o 68% of jet E

o direction at verbex
o resolubtion bkraciker

Momentum Resolution
0 1% for 100 GeV



Photowns
0 26% of jet E

Use granularity & resolution of
 ECAL to our advantage!

o resolution ECAL

—~

4

’

Grauutari&v

f— o 0,02 (AnxAp)

Separai:e
o charged Par&iates
o neutbral Pm‘&icl.es

Energy Resolution
o ~ 2%/VE



Neubral Hadrowns
0 10% of jet £
o resolubtion HCAL

E-Reduce depemdence on HCAL j

.

Granutariﬁj
o 0.1 (AnxAp)

Energy Resolution
o ~100%/VE
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~irsk Associate Hiks within Each Delector

16072011

Particle Flow Algorthm

HCAL
Clusters

ECAL
Clusters & =i

Tracks
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Particle Flow Algorthm
Then Link Across Detectors

HCAL

Clusters

ECAL

Clusters

Tracks
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Particle Flow Algorthm

Finally Apply Particle ID . Separation

HCAL
Clusters
ECAL
Clusters
Charged
Hadrows
Traclkes

R. Cavanaugh, FNAL/UIC

) <—— neubral hadron
% E(ECAL,HCAL) > Plracks

Eleckron




y Basic View of Particle Flow

“Clean” the Event During Reconstruction!

* Find and “remove” muons (0, )

¢ Find and “remove” electrons ( m‘«“‘:ckmm, Ocead )

¢ Find and “remove” converted photons ( minlo,,. O ceand D
¢ Find and “remove” charged hadrons (o, )

¢ Find and “remove” Vo' (O-&rack')

¢ Fund and “remove” pho&ons (O AL

o Left with neutral hadrons (10%) (0, + fake)

I Use above Llist of Reconstructed Particles to describe the |
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?Z Swiktch ko ECAL (n,p) view

o) C CMS Simulation
(4+] e
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?/;1 Switch to HCAL (n,p) view

O | 25 ECAL erystals CMS Stmulation
3= 2 4f uwnderneath HKOL
s = 1 HCAL cell
-2.45[ Sa
2.5
-2.55}
-2.6}
"2.65F HCAL
i Cluster
-2.71
-2.75:'_.* Illl [Il ] llIllIlllllllIll
065 07 075 08 085 0.9 095 1 1.05
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g Track-Cluster Linlke £CAL
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1 ECAL-HCAL Cluster Link
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?;1 Trock-Cluster Linlke HCAL
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%

List of reconstructed particles:

t

16,07.2011
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Particle Identification

‘g Gk CMS Simulakion KoL
o

T | . .
g e CMS Simulakion oL
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......................................

.....
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?Z Particle Identification

T | . .
‘g Gak: CMS Sinmulakion KoL
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25/ il
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26}
265
-2.7:
73 (12 ORRA TEPA PP PFAF FORP PR Frerd FOCT 17
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. n
?3. - CMS Simulakion
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Track, ik
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List of reconstructed particles: s g
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{ Vs Vs ¥, 0, T } 2755 077075 0.8 085 09095 1105
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Single s U Data

3-0'65:_ L] CMS Data 3-0'65:_ / HCAL entrance
— - — - S I‘_I
-0.7 -0.7F -
< - [F] ECAL Entrance < - o CMS Data
0.75] 075] ]
-0.8F -0.8F
-0.85 -0.85
-0.9F -0.9F
- ICMS - ICMS HCAL Entrance
-1:||IIII|IIII|III[I_hIIII|IIII|IIII|I -1:||IIII|IIII|IIII|IIII|IIII|IIII|I
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n TI

Event scanning: Link algo Performms as expected i data
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B | That was a simp

exampte_, nevertheless...

«The Particle Flow algorithm scales

to large particle multiplicities:

Analysis of the leading jet from all
hadrownic ttbar simulabed event ot the

right:

MC Particles

Reco Particles

16,07.2011

#0
#1
#2
#3
#4
#5
#6

#0
#1
#2
#3
#4
#5

PDG
PDG
PDG
PDG
PDG
PDG
PDG

130
211
211
22,
22,
22,
221

code:
code:
code:
code:
code:
code:
code:

PFCandidate
PFCandidate
PFCandidate
PFCandidate
PFCandidate
PFCandidate

14
4

14

2,

type:
type:
type:
type:
type:
type:

H DD R RO

p/pt/eta/phi:
p/pt/eta/phi:
p/pt/eta/phi:
p/pt/eta/phi:
p/pt/eta/phi:
p/pt/eta/phi:
p/pt/eta/phi:

E/pT/eta/phi
E/pT/eta/phi
E/pT/eta/phi
E/pT/eta/phi
E/pT/eta/phi
E/pT/eta/phi

20.3845
17.2954
11.453

7.75683
7.26097
6.56173
5.69095

31.929
17.237
11.540
9.684
6.663
5.720

100
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.645422
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.603777
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.602059
.457804
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.568
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.606
.457

N N Sy

R R RBRRR

.49343
.45624
.4245

.46632
.42736
.39252

.12381 ﬁ

.493,
.456,

.425,
.420,
.388,
.124,




Tracker Performance

* 76 million channels, 200 m? of silicon » 9¥% operational
* Remarkable agreement between data and simulation

CMS preliminary 2010 Ns =7 TeV
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g The Stlicon 4 Tracker

' Excellent tracking performance allows one to
see the Tracker from photon conversions

Silicon Skrip Tracker inner barrel  Zoom bto bthe pixel barrel
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g Tracker Material: Important

CMS Preliminary 2010
- Data
[] simulation: coaversicns
[ simulation: fakes

LI IIIHTI
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g Tracker Material: Important

.
200 2 w0
..8; 180 = el § & == Prompl simuiated WV -« e'e
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Reconstruct w-Nuclear Interaction; but 100% eﬂ:i,tiewr:j not critical
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Performance

CMS Preliminary Data \s=7 TeV
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' Very good performance of noise cleaning

* Excellent agreement with simulation

Calorimetric MEEL Mean response vs track momentum
%,1 06 l rryyrjrryrjrrryryryrrrryrrrty TJ]rrry j 5 1 _2 ': L B T T ' L g T YYYYYYY ‘[ T T T :
3 CMS Preliminary 2010 ’ £ 1.4E CMS Preliminary 2010, s=7 TeV -
—~, R \s=7TeV ' a b .
2.’1 0 , 2 1; Data 1
o - +“MC
u>J 1 04 —a— TopologcalsPulse Shape Cleaning W 0.9 " i -
61 03 - Simulason, Topological Cleanng | 08 .:_ - - ——1— 1 _E
- 1 : ——0— a
@ r —e—
0.7:
2107 = =
= 06% =
Z 10 z RBarrel
0.5 -
10-1 0.3 L P W T RN (T S VNN TR TR N ST T WO U S U U U | I T W
0 50 100 150 200 250 300 5 10 15 20 25 30
Calo ET [GeV] pTrack (GeV/C)

16,07.2011 R. Cavanaugh, FNAL/UIC



muons

1

Global muon efficienc

y

—
o

o © o o
NS~ O

o©
o

000

i T T I L I L I L I L I T 1 T I L ]
B Ao * ]
L I o i
L o i
i I |
1@~
- 1 |
I ]
'@
— 1 —
i 1.2<hl<24 | ]
i —e— Data, 84 nb™ ]
3 = Simulation .
Fd— CMS Preliminary, s =7 TeV |
1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1 I 1 1 1
2 4 6

8 10 12 14
Probe P, (GeVlc)

800
ool
s0of
200f

S S e m e S S SR B o s
CMS Preliminary | —— Data. 0470
\s=7TeV ] mwons hom heavy favours

P

10*

muons

\s=7TeV

e e
CMS Preliminary

YT
p—w—

B e
Data, 047 o'

muons

¢ (rad)
o il ol Bl 1 il | 1
| CMS Predminary | —4— Owta 047 r&" .
E \5=7TeV () mscns rom heavy favours | 3

LN B e e w e | T—T—T—r—r—T
—t— Data 047"
7] mucns from haavy favours
B meons Yom Sght hadrons
B deptcates
.-mmm

o CMS Pretminary |
- \s=7TeV

0 002 004 006 008 0.1

transverse i.p. (cm)

CMS Prelminary [—— Osts. 047 0"
\s=7TeV (7] muoes Yom heavy favours

10

01234567910‘

transverse i.p. signif.



g Traditional Calorimeter Jeks

-
P

* Hard Scatter of coloured partons \ . .
e 4 T )
* wnot observable IR oo s oo [~
WA | [
*  Fragmentation of coloured Fmr&oms into | g N N 2
colourless par&ictes 4. §
* wnot observable j %
* Propagation of particles to calorimeter =a W : i 7y
\ FATD, | oSG il a
* observable 0 e 1 B s, B R
Y ‘E J '. '. Fy X N N
of . . [\ o . N o3 /
*  Deposition of energy in calorimeter cells “Simple! Ob fect
B 7
\ Btk reguirgs 7,
* observable b \ed ;L /
N /
\ otk /
* Coalorimeter provides a consistent view of = il ..-"'7% 5
the entire event: \ f ey the,
Vet /!
* bkraditional reconstruction method \ / z
/
* o worry of overlapping tracks * / ot
on coarsely granular calorimeter &,/ g
\t/
W\ . - 5
* So called “simple” Objects 3
&
. - o,
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g Correcting Traditional Jets

Simpler objects not necessarily easier to understand

K
s *  Detector effects corrected by comparing
-?g’ reconstructed jet to parton probe (e.q. photon)
% *  true-jets contain particles swept away
;5 from B fleld: pT < 0.7 GeV
wd) A -
L §,.14— B-Fleld: out of cone energy
3 & L Non-linearity in Calorimeter
;:-3 S - -
E V12 Response to hadrowns
’ - Poorly instrumented regions
El o 7~
Y - Huge |
3 E . ~70% ok 100 e
; 08 corrections | et i
£ T P 1 e e =
’ E requwed! N e vorewee®
¢ k=g /E7 : Correction 08~ 000 '
1/ a fau,hd:i.oh of Er & n C i
04— .
. depends on flavour, Jet algos N
("’PQrQMS);MOLse;?U,EECQ oPlllllllllllllllllllllllllll111111[11111
D20 40 60 8 100 120 140 160 180 200

e does not geherod.ise!
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16072011

APPrOQCh”"S Sei‘f—cauubrahou | ™

*  wuch smaller residual corrections

§% compared with 65% at 100 GeV

*  Nearly independent of Jet Flavour
Belter Energy Resolution

* Foctor 3 ot 18 GeV (tracker dominates)

* Converges to Calorimeter at high pT

—

ek

Better Angular Resolution
*  Especially in azimuth (B-Field)
*  Especially at low pT, but also ot high pT
Enables Better Jet Definitions
*  Clustering Algorithms:
* smaller cone sizes possible
* lower pT thresholds possible
* Reduces isolated e/y faking a jet
* can be excluded from jet clustering
*  Particle Multiplicity and Conkent:

* neutral hadronic, charged hadronic,
pho&omic, Lepf:ov\i.c, eke

Jdek Qe&ams%ru&mm

' CMS Preliminary |

02'

Q
-4 Sinmulakion
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Q 3 -
n
Q
o
.
Q
5
—de= Particle ¥ low Jets
O<p«15
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c 0457 i ] —
o : Simulakion
‘5 0.4 —5— Corrocted Calo-Jets
8 0350
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B 025- o
E.:' ;
c 02
w b
§ 0.1SE7

0.1

.ﬁ
0.0SL
ot

L 10°
P, [GeVic)
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Q T Jek Qe&ams%ru&%mm

' CMS Preliminary |
1. 2'

16072011

Approauchmg Self-calibration

much smaller residual corrections
5% COMPQTEd with 65% ok 100 GeV
Nearly independent of Jet Flavour

Belter Energy Resolution

Factor 3 at 18 GeV (tracker dominates)

Converges to Calorimeter at high pT _J

Better Angular Resotu&wh

Especially tn azimuth (B-Field)
Especially at Llow pT, but also at high pT

Enables Better Jet Definitions

Clustering Algorithms:

* smaller cone sizes possible

* lower pT thresholds possible
Reduces isolated e/y faking a jet

* can be excluded from jet clustering
Particle Mulkiplicity and Content:

* neutral hadronic, charged hadronic,
pho&omic, Lepf:ov\i.c, eke
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o Approauchmg Setf—-catubrahou |
*  wuch smaller residual corrections
§% compared with 65% at 100 GeV
*  Nearly independent of Jet Flavour
*  Better Energy Resolution
* Foctor 3 ot 18 GeV (tracker dominates)

* Converges to Calorimeter at high pT

—

ek

" Better Angular Resolution
*  Especially in azimuth (B-Field)
*  Especially at low pT, but also ot high pT
*  Enables Better Jet Definitions
*  Clustering Algorithms:
* smaller cone sizes possible
* lower pT thresholds possible
* Reduces isolated e/y faking a jet
* can be excluded from jet clustering
*  Particle Multiplicity and Conkent:

* neutral hadronic, charged hadronic,
pho&omic, Lepf:ov\i.c, eke

16072011
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Q Jebk Recownskruction

| CMS Preliminary

*  Approaching Self-calibration g 08T T
*  wmuch smaller residual corrections 5 o —5- Cato-dets
8% compm‘ed with 65% at 100 GeV § 042 —a Parsche.Fiow Jets |
*  Nearly independent of Jet Flavour ~ 041 omrs
*  Belter Energy Resolution °'°3:_
* Foctor 3 ot 18 GeV (tracker dominates) °'°6;
* Converges to Calorimeter at high pT 0.04:_ - |
*  Better Angular Resolution | 0'02;”_ | L § s e —8-
( + Especially in azimuth (B-Field) : TS o (‘Ge\‘”c)
*  Especially at low pT, but also ot high pT ) < 0.16, _ .
*  Enables Better Jet Definitions '°_§ B e, T O calodes
*  Clustering Algorithms: § 0.12§ A ParscleFiowsets |
* smaller cone sizes possébte. ‘,z_- 0.1 S<H<1S
* lower pT thresholds possible
* Reduces isolated e/y faking a jet
* can be excluded from jet clustering :
*  Particle Multiplicity and Conkent: : . -
* neubral hadronic, charged hadronic, o= | ™
photonic, leptonic, etc p, (GeVic)
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Q Jebk Reconstruction

a1
H
w
s
-
S
so0s8
T
8
[
c
Z
=

2

CMS Preliminary 2010  Ant-k, R=0.5
\s$=T7TeV. MC g > 25 GeVic

*  Approaching Self-calibration

--

*  wmuch smaller residual corrections
5% compm‘ed with &8% ok 100 GeV
*  Nearly independent of Jet Flavour

o
- B

*  Belter Energy Resolution
* Factor 3 ot 18 GeV (bracker dominates)

o
-

* Converges to Calorimeter abt high PT

o
N

*  Better Angular Resolution

*  Especially in azimuth (B-Field) 42 . a3 :F.;o;n

-
L

*  Especially at low pT, but also ot high pT

CMS Preliminary 2010 Anti-k, R=0.5

*  Enables Better Jet Definitions WELRVDRN__feit e

--

*  Clustering Algorithms: }
* smaller cone sizes possébte. photons

* Llower pT thresholds Possf.bte

Mean Fraction of Jet Energy
=] =]
o @

* Reduces isolated e/y faking a jet

o
»

* can be excluded from jet clustering

_ *  Particle Mu.LEE.PLLCLEv and. Conkent: 0.2
| * neutral hadronic, charged hadronic,
\ photonic, leptonic, etc i R TR R A |
- cascin casein bkt PFJetn
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Eherqgy Scale
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gME,SSL&\S ET using Particle Flow

e MET is bthe Eransverse womenbum veckor sum over all
reconskructed Far&icies:

Br =— 3 (pi+p,J)
particles

* The Llist of reconstructed Km&ictes form a global event
description, provided by the PF Algorithm:

o {pE et y, Ko pile—up par&ides, eke }

* The PF Algorithm exploits full ensemble & redundancy of all
CMS detectors

* { bracker, ECAL, HCAL, muon Sfjsf:em }
* Does not dapek»\d on the Mownke Carlo Simulation
. "Depesr\ds only minimally on any respamse/eatibra&ion maps

¢ Robusk against large calorimeter calib changes in
tracieer aaaep&amce

16,07.2011 R. Cavanaugh, FNAL/UIC



g What does MET depend on?

. "Depemds o Far&ic:i.e mu&ipii«ci&v i the event

* inefficient particles create falke MET
* foke particles create fake MET
* Depends on particle momenta in the event
* poorly measured particles create fake MET
* A good (combined) measure of this is:
* summed bransverse momenta of event “FE+”:
* more par&ici.es —>» wore JET
* more momenba —» wmore JET

* Study performance of MET vs IEv
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* MET is the very Last s&ep _CMS Preliminary|

* Benefils from all progress in the jets! ‘f |
*  Will continue to benefit from further o |
progress: = R |
(v Belter able to measure zero-MET ok Simulation
(e.g as n QCD) e |
-0.7;,{_:75 4 Particle Flow i
g Improved estimate of event visible enerqyf o * Calorimeter |
* better measure of “zero” imbalance 4"_:5 g wels S SRl Fan wol e s gl
\ ° 60% be&&er ak s00 Ge\l of Sum ET p o b Troe ggT[c;:\:;o
+ Bebter able to measure real-MET i
(e.9. as in ttbar) 3 4
/ Qo - Simulation
* Improved Energy Response = ::
* Calibrated within §% above 20 GeV W' -
= 0

. Improved Energy Resolution
* Nearly factor 2 near 100 GeV
* About 60% better ot 20 GeV
. Improved Angular Resolution
* Factor 2 up to (even ») 200 GeV

25f
20"
155
100

L1 Calorimeter
4 Particle Flow

5
% 500 1000 1500 2000
True L E; [GeV]
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*  MET is the very Last s&ep

* Benefils from all progress in the jets!
* Will continue to benefit from further

progressf

/" Relter oble ko weasure zero-MET
(e.g as in QCD)

better measure of “zero” imbalance
\ * 60% be&&e.r at s00 Gev' of Sum ET

« Better able ko measure reaL—MET
(e.9. as in tthar)

. Improved Ev\ergj Qes’aov\se

* Calibrated within §% above 20 GeV

. Improved Ehergj Resolubion

* Nearly factor 2 near 100 GeV
* About 60% better ot 20 GeV
. Improved Angular Resolution
* Factor 2 up to (even ») 200 GeV

_#Number of events

* Improved estimate of event visible energy

- o CMS Preliminary 2010
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o 12— =
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*  pr uncertainty measured for each & every particle

* Charged Pom&:,ctes. Erack covariance makrix

* Neutral particles: test beam daka

. Use error fropago&novx over all particles

find to

S ¢

al SLSV\L tcance that
observeo\ MET is compahbte with zero MET

£@) ~ exp (5@ 7V @)
St ;h%‘» N

SEZIH(

e 5
~

|
ﬁf: )

*  Zero brue MET events should follow a flab P(x?) distribution

7 40

cc

L(E=

L(€

25)))

Events / unit significance

1

107

10°E
10°E

10%E

\s=7TeV, CMS —MCE"
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F Y apb” MCET- B
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5 F I [TTrTTrrTTT I
© 1600 \s=7TeV,CMS
f2) Duets P> 30 GeV
C 1400 -
()
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W 4200
1000 [,
800 [T ART W Tl e i U T
600 |- —
C —MCE'
400 [~
E MC E:F_ E‘:en
200 |-
L * Data E:F
l l l v b by

v b b b b g ]
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P(x?)

*  Real brue MET events (& badtj reconstructed events) peak at zero P
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*  pr uncertainty measured for each & every particle £ & T T
o~ . . . -% 104§ Dijets, p_> 30 GeV MC Er E
* Charged particles: track covariance malrix S Y apy MCET -]

* Neutral particles: test beam daka £F Data fr
~ r | — Ideal ]
. Use error gropago&novx over all particles SOF A
find total siguificance thakt T i
observeo\ MET is compatible with zero MET
5 1 1 i3 : 3
[’(8) ~ exp <_§(8) TV ' (8)) .1: NJ”HHH ‘ Lol :
190" 90"20 30 40 50 60 70 80 90 00

Ser

5;?ui4'»comcc

[} ]
S o1 L(g — Zgz) % 10° CMS, 31 pb™ at \s=7TeV]
= 4In = 9O 3
S L(E=0 = W
r % 10* Z—ee =
7\ = Il v +jet
5 40 I Jets ]
To) W—ev 3
- « Dat
..@ ata
[ 102
g
i
10
T 0 50 100 150 200 250 300 350 400 450 500

Ser

*  Zero brue MET events should follow a flab P(x?) distribution
*  Real brue MET events (& badtj reconstructed events) peak at zero P
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A

* Charged Pom&:,ctes. Erack covariance makrix

* Neutral particles: test beam daka

. Use error gropago&novx over all particles

find to

L SLSV\L tcance that

obsarveo\ MET is a:ompahbte with zero MET

L(7) ~ exp <—§(

St ;h%i N

SEZln(

N
~>,

*  Zero brue MET events should follow a flab P(x?) distribution
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Missing Er Soghcfctahce

*  pr uncertainty measured for each & every particle
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*  Real brue MET events (& badtj reconstructed events) peak at zero P
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g Conclusion

* OK.IU stop here for today..
* tomorrow, physics from CMS
* The CMS Debector is in excellent condikion
* Particle Flow i CMS works ex&raardiharii.j well!
e individual particles: leptons, hadrons, photons
* Jebs (Light quark, heavy quark, hadronic taw)
* Missing (Eramsverse) enerqgy (momentum)
* CMS is pursuing a rich menu of LHC Physics
* Skandard Model Benchmarks™
* QCD, W, Z, Eo[p
* Searches for new Physics

* Higgs
. Supersfjmmehj

* Exkra Dimensions, ete

Ny Tomorrow

Stay tuned for
EPS resulks this
coming weel,
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