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® active medium: provides signal

e scintillator, ionizing noble
Liqu&d, ete

® Kgssi.ve medium: functions as
sorber

high densit terial Lik
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® lower resolution;
de&&k seqmentation
(Longitudinal shower skape)

uranium
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¢ entire volume provides signal
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® lonizing noble Liquids

® Bek!:ir resolubtion
no de

PH«\ segmentation

Date: 14.0%.2012

Homogeneous Calorimeters

A . Cavanactgh, YWOPSS 2012

2% Fermilab

UIC

University of lllinois
at Chicago

LPC

LHC Physics Center




Sampling Calorimeters
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EM Calorimeters

© Purpose: measure energy of EM
particles

& How?

® High-Z material cause EM
shower

o total absorp&ioh / sEoF

Par!:u.ci.es

& Important parameter is Xo
(ustally Xo '= §-30)
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EM Calorimeters

© Purpose: measure energy of EM
particles

& How?

® High-Z material cause EM
shower

o total Qbsor’o&ioh / sEoP
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EM Calorimeters

© Purpose: measure energy of EM
particles

& How?

® High-Z material cause EM
shower
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Muon Chambers

¢ Purpose: measure yomenkym /
charge of muohs (&rackmi:;s

® Muown sighature is ex&raordiuarilj
Pev\e&ro&ms

¢ place chambers at outermost
ayers
® LHC Experiments: Gas Chambers
® Resistive Plakte Chambers
¢ Drift Tubes
¢ Cathode Strip Chambers

® Thin Gap Chambers
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A detector cross-section, showing particle paths

Tracking Electromagnetic Hadron Muon
charmber  calorimeter calorimeter  chamber
' ' [] Beamn Pipe
phOtOl’lS {center)
B Tracking i
et Charmber i Dhotem
—_ B Magnet Coil S d ‘K
muons WEM -
—_— Calorimeter _ |
s [ Hadron o, P i
=P Calorimeter . -
—
[ Magnetized
h [ron
._§< | [l Muon
Innermost Layer... P» ...Outermost Layer Citembers
e Electrons e Charged Hadrons
® Defostk all ewer?&m EM ® ﬁefosﬂ: all enerqy in EM+HAD
Calorimeter; matched to brack Calorimeters; malbched to bracke
e Photons ¢ Neutral Hadrons
o Similar as electrons; but no krack e Similar as Charged Hadrowns; but
. no track
Muons _
o Makch hiks in muon chambers wikh * Neutrinos
hikts i kraciker ¢ Pass through all mwaterial;

measured mdf.rec&tv Y momenbum
inmbalance
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SUPERCONDUCTING CALORIMETERS
COIL ECAL Scintillating PoWO, HCAL Plastic scintillator
Crystals .| copper
= ol sandwich

B
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Total weight : 12,500 t
Overall diameter : 15 m
Overall length : 21.6 m
Magnetic field : 4 Tesla
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Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)
----- Photon

Silicon
Tracker

<

) Electromagnetic £

};l ]' Calorimeter §

Hadron Superconducting HeH :

Calorimeter Solenoid “‘3
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Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Total weight : 7000 t Toroid Magnets  Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker
Overall length: 46 m

Overall diameter: 23 m
Magnetic field: 2T solenoid
+ toroid
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Calorimeter
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“Follow particles” through the detector!

Reconstruct and identify all particles
° Y, g M, 1 K% pile~up 7% converted y & nuclear nteraction 3.
o Use best combination of all sub-detectors for £, n, @, and Id

Provide consistent & complete list of ID’d & calibrated particles
for

¢ Tau reconstruction & Jet reconstruction
e Missing & total Visible Eherqgy determination
® Other, analysis spm:&fiﬁ, objects (event or jet shape vars, etc)

Use of Redundant Information: Calorimeter & Tracking
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e Large Volume Tracker

o high precision, high efficiency tracking is critical
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Desired Ingredien

e Large Volume Tracker

o high precision, high efficiency tracking is critical
e High Magnetic Field

¢ heeded for qood pT resolution

® needed to separate charged from neuktral particles
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e Large Volume Tracker

o high precision, high efficiency tracking is critical
e High Magnetic Field

¢ heeded for qood pT resolution

® needed to separate charged from neuktral particles
e Highly Granular Calorimeter

o needed to separate charged from neuktral particles

Sieeiie o 20 K. Cavanaugh, HCPSS 2012 LPC

Dale: 14.0%5.2012 LHC Physics Center



2% Fermilab

U I University of Illinois
at Chicago

Desired Ingredier

e Large Volume Tracker

o high precision, high efficiency tracking is critical
e High Magnetic Field

® needed for good pT resolution

® needed to separate charged from neuktral particles
e Highly Granular Calorimeter

o needed to separate charged from neuktral particles
e Good Calorimeter Energy Resolution is :

¢ heeded for gqood photon, electron £ resolution

¢ not so critical for Hadrons
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BaCk-Of.e nve|ope es ‘L.J' Ulc University of Illinois

at Chicago

caloviweter transverse enevqy uncertdinty Sov
charged hadvows:

o(Er) ~ 100% /Er
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calovimetevr transverSe energy uncertdinty fov
charged hadvows:

o(Er) ~ 100% /Er

Trackevr transverse mowmentum uncertdinty Sov
chavfged hadvowns:

o(pr) ~ 0.01% (pr)°

Back-of-envelope es
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Back-of-envelope est.'f R

at Chicago

caloviwvmeter transverse enevgy U\V\cev-baiwl;\j Sov
cha\raed hadvowns:

o(Er) ~ 100% /Er

Tracker transverse mowmentum uncertdinty Sov
cha\rged hadvowns:

o(pr) ~ 0.01% (pr)°

The Point 3t which the calovimeter vesolution
overcomes the tvacker vesolutiown is (very voughly):

o(pr) _ o(Er)

(%

pT Er

Siee 7 oS0 K. Cavanaugh, HCPSS 2012 LPC

Dale: 14.0%5.2012 LHC Physics Center
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UIC ™
calovimeteyr transverse enerqy uncertdinty fov

chavged hadrons:

o(Er) ~ 100% /Er

Tracker transverse mowmentum uncertdinty Sov
cha\rged hadvowns:

o(pr) ~ 0.01% (pr)°

The Point 3t which the calovimeter vesolution
overcomes the tvacker vesolutiown is (very voughly):

o(pr) _ o(br)
~ — pr ~ 10

pT Er
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Set the Stage: Jet Compositio :,‘lFeufifQit'ylﬂﬂs

CMS Preliminary 2010  Anti-k; R=0.5
\s=7TeV,MC pEer > 25 GeVic
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| . J UI University of lllinois

at Chicago

Charged particles : ~60%, .
9 P ¥ CMS Preliminary 2010 Anti-k; R=0.5

""" Vs =7 TeV, MC Py > 25 GeVic
e Mostly charged fi.ov\s, kaons and protons,

but also some elecktrons and muomns

Mean Fraction of Jet Energy
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U I University of Illinois
at Chicago

CMS Preliminary 2010 Anti-k; R=0.5
\s=7TeV, MC Py > 25 GeVic

¢ Mostly charged fi.ov\s, Les and Fro&ons,

but also some elegbrons and muons

e Photons : ~25%:

o Mostly from %, but also some genuine
photois (brems,...)

o
[+}]
III]IIIIIIIIII]]IIIIIII
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U I University of Illinois
at Chicago

CMS Preliminary 2010 Anti-k; R=0.5
""" s =7 TeV, MC P > 25 GeVlc
¢ Mosktly charqed piowns, kaowns and proktowns
Y 9 / )

but also some elegbrons and muons

e Photons : ~25%:

o Mostly from %, but also some genuine

o
[+}]
III]IIIIIIIIII]]II]]III

photoins (brems,...) 0.4
e Long-lived neutral hadrons : 0.2
o K°, nheutrons 0y

252::.:200#50 ' Ca\/anaagh, YWOPSS 2012 LPC

14.0%.2012 LHC Physics Center



2 Fermilab
W‘ : Ulc University of Illinois

at Chicago

] o ~ %‘3 1.2
Charged particles : ~60 \ g | CMS Preliminary 2010 Anti-k R=0.5
\ w - Ns=7TeV,MC Py > 25 GeVic
e Mostly charged rtov\s, kaons and protons, 3 1
but also some elegkrons and muons 5 |
808~ photol
e Photons : ~25% 8
L
= 0.6
e 0-67
o Mostly from %, but also some genuine 2 |
photons (brems,...) 04
e Long-lived neutral hadrons : 0.2-
e K°, neubtrons , : 2 0 2 4
\é\\‘\o) PFJetn
C

e Short-lived neutral hadrons, “V0’s” : ~5! /\‘(’5

o Ko — ", A = P, ..., but also y conversions, and (more
problematic) nuclear interactions in the detector material.
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U I University of Illinois
at Chicago

1.2
@ | CMSPreliminary 2010  Anti-k; R=0.5
. \V T \s =7 TeV, MC PP >25GeVie
e Mostly charged rmv\s, kaons and protons, 3 1
but also some elesatrons and muons 5
808~ photol
e Photons : ~25%: 8
L
:06—
g 0-o0
o Mostly from %, but also some genuine 2 |
photons (brems,...) 04
e Long-lived neutral hadrons : ~10%: 0.2-
e K°, neubtrons , | 2 o 2 &
<¢q\0> PFJetn

e Short-lived neutral hadrons, “VO0’'s” : ~5‘,((3

o Ko — ", A = P, ..., but also y conversions, and (more
problematic) nuclear interactions in the detector material.

Full use of Detector Information significantly impfoves physics ¢
object performance

S e K. Cavanaugh, HCPSS 2012 LPC
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calorimeter Towevr
(O | HCAL cell \
(O 25 ecAL cv\,sta\s undevrneath

(loss of granularity) o <

/

7 calovimeter Jets
(O Large Jet E covv.
(O Resolution HCAL
o 100%

— &

E VE




calovimeter Towevr charged hadvowns

O 1 HcAL cell , O spread by high B-field
(O 25 ecAL cvystals undevrvneadth O deg\rades angular
(loss of granularity) — & vesolution

calovimeter Jets
(O Lavge Jet E covv,
(O Resolution HCAL
o 100%

—_—

E~ JVE
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 use B-Field and hi-ves tvacker to our §
 advantage!

chavged hadvons
(O 659 of jet E
(O divection 3t vertex
(O vesolution tracker

Mowentum Resolution
(O 19lo Sov loo Gev



. 3

Photowns  USe granulavity & vesolution of ECAL

O 25% of jet B to our advantage!
(O vesolution ECAL - ' - -

~

7’

Grvavxu\aﬁt\,

O 0.0z (AnxAd)
Evevgy Resolution

sz%/\/E

.-h

W
Sepavate

(O chavged pavticles
(O weutral particles



Neutval Hadvons
() lo% of et E

E"Reduce dependence on HCAL

(O vesolution HCAL

4 G‘Yahu\aﬁ‘t\j

OXARVANLIAY))
Energy Resolution

O~ 100%/VE



2% Fermilab

Particle Flow Algorithir UIC e
First Associdte HitS within Edch Detectov

HCAL
clusters

ECAL
clusters I__|—

Tvracks
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Particle Flow Algorithir -

at Chicago

Thew Link Acvoss Detectors

HCAL
clusters

ECAL
clusters

Tvracks

= K. Cavanaugh, ¥/CPSS 2012 LPC
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2% Fermilab

Particle Flow Algorithir UIC e
Finadlly Apply Particle (D & Sepavation

7 &{—— veutval hadvow

HCAL

clusters //% E(BCAL HCAL) > Piracks
ECAL

clusters

Electvown
charged
Hadvowns

Tvracks

Sieeizm o s0 e Cavanacigh, YCPSS 2012 LPC
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Very BaS'C V'QW Of Pa - ? b A'A Ulc University of lllinois

at Chicago

“clean” the Event During Reconstruction!
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Very Basic View of Pa ClOWa- -

“clean” the Event During Reconstruction!

- H 144
e Find and “remove” muons (O, )

Slides 29 o S0 K. Cavanaugh, ¥/CPSS 2012 LPC
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- 2% Fermilab

- UV UI University of lllinois
at Chicago

“clean” the Event During Reconstruction!

- H 144
e Find and “remove” muons (O, )

e Find and “remove” electrons ( min[O'track' Occar]l )

Slides 29 o S0 K. Cavanaugh, ¥/CPSS 2012 LPC
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2% Fermilab

Very BaS|C V|ew Of Pa [ ; Q Ulc University of lllinois

at Chicago

“clean” the Event During Reconstruction!

- H 144
e Find and “remove” muons (O, )

e Find and “remove” electrons ( min[O,__ . O... 1 )

e Find and “remove” charged hadrons (O ___)

Slides 29 o S0 K. Cavanaugh, ¥/CPSS 2012 LPC
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2% Fermilab

U I University of Illinois
at Chicago

Very Basic View of Par

“clean” the Event During Reconstruction!

- H 144
e Find and “remove” muons (O, )

e Find and “remove” electrons ( min[O,__ . O... 1 )

e Find and “remove” charged hadrons (O ___)

e Find and “remove” converted photons ( min[O, __  O... 1 )

252::.: 2750 ' Ca\/anaagh, YWOPSS 2012 LPC

14.0%.2012 LHC Physics Center



2% Fermilab

Very Basic View of Par : R

at Chicago

“clean” the Event During Reconstruction!

- H 144
e Find and “remove” muons (O, )

e Find and “remove” electrons ( min[O,__ . O... 1 )

e Find and “remove” charged hadrons (O ___)

e Find and “remove” converted photons ( min[(rtrack, Occar]l )

e Find and “remove” VO'’s (O¢rack)

i:: T e Ccz\/anaagh, YWOPSS 2012 LPC
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2% Fermilab

Very Basic View of Particlet R

at Chicago

“clean” the Event During Reconstruction!

- H 144
e Find and “remove” muons (O, )

e Find and “remove” electrons ( min[O,__ . O... 1 )

e Find and “remove” charged hadrons (O ___)

e Find and “remove” converted photons ( min[(rtrack, Occar]l )

e Find and “remove” VO'’s (O¢rack)

e Find and “remove” photons (0., )

i:: T e Ccz\/anaagh, YWOPSS 2012 LPC

14.0%.2012 LHC Physics Center



2% Fermilab

Very Basic View of Particlef R

at Chicago

“clean” the Event During Reconstruction!

- H 144
e Find and “remove” muons (O, )

e Find and “remove” electrons ( min[O,__ . O... 1 )

e Find and “remove” charged hadrons (O ___)

e Find and “remove” converted photons ( min[O, __  O... 1 )

e Find and “remove” VO'’s (O¢rack)

e Find and “remove” photons (0., )

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

i:: s . Cavanaugh, HCPSS 2012 LPC

14.0%.2012 LHC Physics Center



2% Fermilab

Very BaSiC View Of 3‘]_’ U‘ le UIC Crverst ortinois

at Chicago

“clean” the Event Duving Reconstruction!

- H 144
e Find and “remove” muons (O, )

e Find and “remove” electrons ( min[O,__ . O... 1 )

e Find and “remove” charged hadrons (O ___)

e Find and “remove” converted photons ( min[O, __  O... 1 )

e Find and “remove” VO'’s (O¢rack)

e Find and “remove” photons (0., )

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

(o Use above list of Reconstructed Paviicles o describe the entive event!}

S v K. Cavanaugh, HCPSS 2012 LPC

14.0%.2012 LHC Physics Center
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l I !‘ G UI University of lllinois

at Chicago

Jet PT = 65 Gev/c

Y [cm]

-50

-100

o
llllllllllllllll'lllll

-150

IllllIlllllllllllllllllllllll

250 200 -150 -100 -50 0
X [cm]
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l I !‘ G Ulc University of lllinois

at Chicago

= 100
5 B Jet PT = 65 Gev/c
> S0¢
B Fouv trvue particles:
o T, T, K
-50[-
100
-150}
; I | ] B | I L1 1 1 l | L [ ] | I = ={s=4) I I=—l==1-=0 I | . A |

-250 -200 -150 -100 -50 O
X [cm]
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l I !‘ G Ulc University of lllinois

at Chicago

= 100
5 B Jet PT = 65 Gev/c
> S0¢
B Fouv trvue particles:
o T, T, K
-50[-
100
-150}
; I | ] B | I L1 1 1 l | L [ ] | I = ={s=4) I I=—l==1-=0 I | . A |

-250 -200 -150 -100 -50 O
X [cm]
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l I !‘ G Ulc University of lllinois

at Chicago

Jet PT = 65 Gev/c

Y [cm]

Fouv trvue particles:
].|:+’ ].[—’ ].[0’ KLO

-50

o
llllllllllllllll'lllll

-100

-150

o
I S5
I—Illllllllllllllllllllllllllll

-250 -200 -150 -100 -50 O
X [cm]
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Jet PT = 65 Gev/c

Y [cm]

Fouv trvue particles:
].|:+’ ].[—’ ].[0’ KLO

-50

o
llllllllllllllll'lllll

-100

-150

o
I S5
I—Illllllllllllllllllllllllllll

-250 -200 -150 -100 -50 O
X [cm]
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e 100: cMS Stwulation S
o - Jet PT = 65 Gev/c
] =
> S0¢
B Fouv trvue particles:
0—_ 9“ ]-[+I ]-[_; ]-[0; \(Lo
: .:%%""f”"/
-50 " 2 Tvacks
100
-150[-
L [ k. ° _
l- I | ] N | I L1 1 1 I | ] [ [ | I | = == = | I §—1——=1-—1 I L1 1

-250 -200 -150 -100 -50 O
X [cm]
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= 1001 cMS Simulation
O B Jet PT = 65 Gev/c
] =
> S0¢
B Fouv trvue particles:
of A | TR
- __‘i&»‘?f’"
: :'—",";:é“tt/‘
'50:_ ,::_;,’—,» 2 TVQC\(S
b (4 ECAL clusters
-100-
-150[
L [ k. ° _
l- I | ] N | I L1 1 1 I | ] [ [ | I | = == = | I §—1——=1-—1 I L1 1

-250 -200 -150 -100 -50 O
X [cm]
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U I University of Illinois
at Chicago

= 100C cMS Simulation
o b det PT = 65 Gev/c
et 2
> S0¢
B Fouv trvue particles:
of A | TR
= __‘i&»‘?f’"
: ':'—",";:é“tt/‘
_50-_ 2 HCAL o o i 2 Tvacks
[ clusters
L (4 ECAL clustevs
-100-
-150[
L [ k. ° _
l— I | ] N | I L1 1 1 I | ] [ [ | I | = == = | I §—1——=1-—1 I L1 1

-250 -200 -150 -100 -50 O
X [cm]
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cMS Stwulation
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Switch to ECAL (n,

" ) "l@ A'

2 Fermilab
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cMS Simulation
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Switch to ECAL (n,
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2 Fermilab
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? - cMS Stwulation
g, 241 - _KOL
o - ECAL ﬂi
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at Chicago
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at Chicago
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If E>p + O(E)

e If £ is just HCAL or just ECAL
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If E>p + O(E)

e If £ is just HCAL or just ECAL
e HCAL: weutral hadvown (E-7P)

e ECAL: Photow (E-7)
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If E>p + O(E)

e If £ is just HCAL or just ECAL
e HCAL: weutral hadvown (E-7P)

e ECAL: Photow (E-7)
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If E>p + O(E)

e If £ is just HCAL or just ECAL
e HCAL: weutral hadvown (E-7P)

e ECAL: Photow (E-7)
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If E>p + O(E)

e If £ is just HCAL or just ECAL
e HCAL: veutrdl hadvown (E-?)

e ECAL: Photow (E-7)
e If £ from ECAL & HCAL é E-?
— e 1§ (E-7) D> ECAL
\?

Photown (ECAL) +
neutval hadvon (HCAL-P)

e Othevrw:isSe
Photown (E-?)/b
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If E>p + O(E)

e If £ is just HCAL or just ECAL
e HCAL: weutral hadvown (E-7P)

I—
e ECAL: Photow (E-7)
e If £ from ECAL & HCAL é =
o ¥ (E-7) ) ECAL
Photow (ECAL) +
veutval hadvon (HCAL-P) ?
e Othevrwise

Photown (E-?)/b

List of veconstructed pavticles:
1 g 88 ’ o fen qbké“%é’c‘&‘ ?giohessn%hﬁ&r?eh i
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If p and E are Compatible:

®Fit p g £ according to O'(E,pa)
® e, uhcer&aih&y weighted average =7

® Charqed =
kadrghs ’_%
‘—
et tracke W
or small pr ©O ¥
Calovimeter
et calor £ tvacker
?OT‘ Larse PT combined

LisSt of veconstrvucted pavticles:

1% % %
Always give precedence to Photons in ECAL
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If p and E are Compatible:

®Fit p g £ according to O'(E,pa)
® e, uhcer&aih&y weighted average =7

® Charqed =
kadrghs ’_%
‘_
et brack o
or small pr ©O ¥
Calovimeter
?EE calor £ tracker
or Lqrse PT combined

LisSt of veconstrvucted pavticles:
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Always give precedence to Photons in ECAL
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e Four particles generated : m+, m-, n0, and K.°
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In this Simple Example = e

at Chicago

e Four particles generated : m+, m-, n0, and K.°

e Five particles reconstructed :
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e Five particles reconstructed :
o two Opposiﬁetj-charged hadrons (r+ and =)
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In this Simple Example R

at Chicago

e Four particles generated : m+, m-, n0, and K.°

e Five particles reconstructed :
o two Opposiﬁetj-charged hadrons (r+ and =)
¢ three Pho&ahs
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In this Simple Example -

at Chicago

e Four particles generated : m+, m-, n0, and K.°

e Five particles reconstructed :
¢ two Opposiﬁeij-charged hadrons (r+ and «-)
¢ three Pho&chs
e two frowm J[o c\eca\j and one fvow Kk ° enevgy deposSit
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Four particles generated : n+, n-, m0, and K.°

Five particles reconstructed :
e two Opposikeij-charged hadrons (r+ and «-)
¢ three Pho&chs
e two §vow o decdy and one frowm Kk ° energy deposit
o o hneultral hadron

Slide: 32 oF 50 ( Ca\/anaé{g/ﬂ Y/CPSS 20I12 !ﬂ(ghgcs Center

14.0%.2012



2% Fermilab

U I University of Illinois
at Chicago

In this Simple E

e Four particles generated : m+, m-, n0, and K.°

e Five particles reconstructed :
e two Opposikeij-charged hadrons (r+ and «-)
¢ three Pho&chs
e two §vow o decdy and one frowm Kk ° energy deposit
o o hneultral hadron
e because for each of the two tvacks E cowmpatible with p

Sideisi e 20 K. Cavanaugh, HCPSS 2012 LPC

Dale: 14.0%5.2012 LHC Physics Center



Date:

2% Fermilab

In this Simple Example R

at Chicago

Four particles generated : n+, n-, m0, and K.°

Five particles reconstructed :
e two opposi&eij-charged hadrons (r+ and «-)
¢ three Pho&chs
e two §vow o decdy and one frowm Kk ° energy deposit
o o hneultral hadron
e because for each of the two tvacks E cowmpatible with p

Note : the precedence given to photon ID in ECAL
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at Chicago

Four particles generated : n+, n-, m0, and K.°

Five particles reconstructed :
o two oppositely-charged hadrons (r+ and -)
¢ three Pho&oms
e two §vow o decdy and one frowm Kk ° energy deposit
o o hneultral hadron
e because for each of the two tvacks E cowmpatible with p

Note : the precedence given to photon ID in ECAL
© May underestimate ECAL deposits of neutral hadrons
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e Four particles generated : m+, m-, n0, and K.°

e Five particles reconstructed :
o two oppositely-charged hadrons (r+ and -)
¢ three Pha&ohs
e two §vow o decdy and one frowm Kk ° energy deposit
o o hneultral hadron
e because for each of the two tvacks E cowmpatible with p

e Note : the precedence given to photon ID in ECAL
© May underestimate ECAL deposits of neutral hadrons

e But the neutral hadron energy deposited i ECAL
corresponds
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e Four particles generated : m+, m-, n0, and K.°

e Five particles reconstructed :
o two oppositely-charged hadrons (r+ and -)
¢ three Pha&ohs
e two §vow o decdy and one frowm Kk ° energy deposit
o o hneultral hadron
e because for each of the two tvacks E cowmpatible with p

e Note : the precedence given to photon ID in ECAL
© May underestimate ECAL deposits of neutral hadrons

e But the neutral hadron energy deposited i ECAL
corresponds

e (10%% wneutvral hadvown) x (309 ECAL Svaction) = 39 of event
evxevw
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e Four particles generated : m+, m-, n0, and K.°

e Five particles reconstructed :
o two oppositely-charged hadrons (r+ and -)
¢ three Pha&ohs
e two §vow o decdy and one frowm Kk ° energy deposit
o o hneultral hadron
e because for each of the two tvacks E cowmpatible with p

e Note : the precedence given to photon ID in ECAL
© May underestimate ECAL deposits of neutral hadrons

e But the neutral hadron energy deposited i ECAL
corresponds

e (10%% wneutvral hadvown) x (309 ECAL Svaction) = 39 of event
evxevw

e M3y lose < 0.5 of the event enevqy Svow this (D choice
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rhat was a simple [l
p 2001
example, nevertheless... E
1000
... The 7article Flow 3lgovithw Scales of-
to |avge pavticle wultiplicities! :
-100[-
Analysis of the leading jet frow 3l 200
hadvownic ttbar Simulated event 3t the - ttba
- ° _I | | | I | 1 | | I | 1 1 1 l | Il | | [ | 1 | | I | 1 1 1
Vight: 3% 200 -100 o0 100 200 300
X
A #0 PDG code:130, p/pt/eta/phi: 20.3845 16.7688 -0.645422 1.49343
o #1 PDG code:211, p/pt/eta/phi: 17.2954 15.0452 -0.540329 1.45624
':)'3 #2 PDG code:211, p/pt/eta/phi: 11.453 9.82512 -0.567975 1.4245
5 #3 PDG code:22, p/pt/eta/phi: 7.75683 6.52999 -0.603777 1.46632
G- #4 PDG code:22, p/pt/eta/phi: 7.26097 6.17551 -0.584549 1.42736
% #5 PDG code:22, p/pt/eta/phi: 6.56173 5.52903 -0.602059 1.39252
#6 PDG code:2212, p/pt/eta/phi: 5.69095 5.14257 -0.457804 1.12381
¥ #0 PFCandidate type: 5 E/pT/eta/phi 31.929 26.176 -0.651 1.493,
0 #1 PFCandidate type: 1 E/pT/eta/phi 17.237 14.994 -0.540 1.456,
¥ #2 PFCandidate type: 1 E/pT/eta/phi 11.540 9.900 -0.568 1.425,
& #3 PFCandidate type: 4 E/pT/eta/phi 9.684 8.195 -0.594 1.420,
o #4 PFCandidate type: 4 E/pT/eta/phi 6.663 5.602 -0.606 1.388,
§ #5 PFCandidate type: 1 E/pT/eta/phi 5.720 5.170 -0.457 1.124,
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14.0%.2012 LHC Physics Center



y 5300
That was a simple
example, nevertheless... .
100(~
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Analysis of the leading jet §romw all 200
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X
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-100—
Analysis of the leading jet §romw all 200
hadvownic ttbar Simulated event 3t the “tibav |
Vight: 30800 200 100 0 100 200 300
X
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N
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at Chicago

CMS . i, Jt -
». \Calibration of ECAL & HCAL Clusters: - =i

e Untangling merged charged and neutral particles
e cluster energies heed to be calibrated
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at Chicago
e Untangling merged charged and neutral particles

e cluster energies heed to be calibrated

¢ to compare wikth Erack wmomenka
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at Chicago

e Untangling merged charged and neutral particles
e cluster energies heed to be calibrated
¢ to compare with brack momenta

e ECAL calibrated for photons (& electrons) not
hadrons
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e Untangling merged charged and neutral particles
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e HCAL calib for 50 GeV charged pions normal incidence
o Tesk-beam calib without ECAL/services in front of HCAL
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* Hence, when charged hadron (p) interact with
calorimeter
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e HCAL calib for 50 GeV charged pions normal incidence
o Tesk-beam calib without ECAL/services in front of HCAL

* Hence, when charged hadron (p) interact with
calorimeter

© ECAL + HCAL # p (i1 general significantly smaller)
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e To optimize merged neutral hadron identification,
need to calibrate E(ECAL,HCAL) as
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e To optimize merged neutral hadron identification,
need to calibrate E(ECAL,HCAL) as

o £ = a + b(pn) ECAL + c(pn) HCAL
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e To optimize merged neutral hadron identification,
need to calibrate E(ECAL,HCAL) as
o £ = a + b(pn) ECAL + c(pn) HCAL

o compensates fov ECAL vesponse and 3lso §ov HCAL wown-
lineavities
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e To optimize merged neutral hadron identification,
need to calibrate E(ECAL,HCAL) as

o £ = a + b(pn) ECAL + c(pn) HCAL

o compensates fov ECAL vesponse and 3lso §ov HCAL wown-
lineavities

¢ Charged Hadrons & photons (90%) of event energy
insensitive to this calibration
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at Chicago

To optimize merged neutral hadron identification,
need to calibrate E(ECAL,HCAL) as

o £ = a + b(pn) ECAL + c(pn) HCAL

o compensates fov ECAL vespownse and also fov HCAL wow-
lineavities

Charged Hadrons & photons (90%) of event energy
insensitive to this calibration

o only the neutral hadron ID efficiency is sensitive to calib.
o calovimeter calibration Sov hadvowns s 2wd ovder effect

Use “isolated” tracks in minimum bias events
determine a, b, c
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To optimize merged neutral hadron identification,
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at Chicago

To optimize merged neutral hadron identification,
need to calibrate E(ECAL,HCAL) as

o £ = a + b(pn) ECAL + c(pn) HCAL

o compensates fov ECAL vespownse and also fov HCAL wow-
lineavities

Charged Hadrons & photons (90%) of event energy
insensitive to this calibration

o only the neutral hadron ID efficiency is sensitive to calib.
o calovimeter calibration Sov hadvowns s 2wd ovder effect

Use “isolated” tracks in minimum bias events
determine a, b, c
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e To optimize merged neutral hadron identification,
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e Track pointing “downwards”

© p = 14.64 GeV, ECAL = 1.¥7 GeV, HCAL = 7.35 GeV, Ecp = 14.33 GeV
e Track pointing “upwards”

° p = 1094 GeV, ECAL = 09% GeV, HCAL = 677 GeV, Ecup = 919 GeV

e Gives 2 charged hadrons of 14.64 GeV & 10.94 GeV in the
particle list
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Summary & Ot K R

at Chicago

® OK...I'll stop here for today

e On Thursday, we will consider the case E << p

* We have a list of identified particles that provide
a global event description of the entire collision

¢ charged Far&id&s
® pho&on candidakes
¢ neubral hadrowns

e We need to identify which of those charged particles
are:

¢ eleckrons
© MUWONS
¢ charged hadrons

* We also need to identify which of the photon
candidates are

® promp& Fho&ohs

¢ More Thursday!
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