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) Online Physics Selection:
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Dane odczytywane z detektora:

- "zapalone" cele kalorymetru
ID celi + sygnat
+ ew. informacja o profilu podluznym lub poprzecznym
w przypadku wielokrotnych odczytow

- "hity" w detektorach sladowych
ID/pozycja drutu/paska/piksla
+ ew. sygnhat (~dE/dx)
+ ew. czas (komory dryfowe, TPC)

Co potrzebujemy do analizy fizycznej:

- zidentyfikowane fotony: energia, kierunek emisji (=> wektor pedu)

- zidentyfikowane leptony (elektrony/miony/taony): energia, ped, znak
- Zrekonstuowane jety: energia, ped, masa niezm., zapach (!)

- zrekonstuowany brakujacy ped poprzeczny, energia, masa...



Dodatkowe dane wejsciowe

Wyznaczane na podstawie zebranych danych (w tym w odpowiedzi na
detykowane triggery), parametrow pracy detektora itp.:

parametry kalibracji

parametry pozycjonowania

parametry efektywnosci
Niezbedne do rekonstrukcji danych.

Rzadko/powoli sie zmieniajg - w skalach dni, tygodni.

W najgorszym przypadku co napetnienie (fill).
Czasami raz na rok (od shutdownu do shutdownu).

Zazwyczaj przechowywane w dedykowanych bazach danych.



Kolejne kroki rekonstrukcji

Krok I: "normalizacja" na poziomie poszczegolnych detektorow
kalorymetry
ID celi => pozycja w detektorze, z uwzglednieniem pozycjonowania
sygnat => depozyt energii w GeV, z uwzglednieniem kalibraciji, tta
detektory sladowe
ID elementu, ew. czas dryfu
=> pozycja w detektorze, z uwzgl. pozycjonowania

Krok Il: rekonstukcja podstawowych "elementow"
wcigz na poziomie poszczegolnych detektorow
kalorymetry
"klastry"/"wyspy" energii (pojedyncze czgstki ?)
detektory sladowe
"klastry"/punkty, ew. elementy/fragmenty toru (punkt + kierunek)



Krok Ill: rekonstrukcja obiektow na na poziomie globalnym
- rekonstrukcja torow
- rekonstrukcja wierzchotka pierwotnego i w. wtérnych
- rekonstrukcja jetow

Krok IV: identyfikacja obiektow (na poziomie globalnym
laczenie tor-klaster (i ew. korekta energii: PFA)
- identyfikacja leptonow
- Zznaczenie zapachow jetow (ciezkie kwarki)



Rekonstrukcja torow



Tracking: basic idea

When we talk about “tracking,” we want to do the
following:

» Measure the true path of the charged particle, which
let's us know...

» The momentum (3-momentum) if we know the
magnetic field

» The sign of the charge of the particle

» With other constraints or assumptions, the “origin” in
space of the particle

» Without some other detector though, we can't measure
the mass independently just with a tracker

Updated August 14, 2006
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Typical Resolution of 50 pum Strips (CDF)
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Resolution of Si Strip Detector

|

The resolution of a Si hit depends on the number of
strips in the cluster (2-strip most precise)

Charge drifts with Lorentz force: q(E + % x B)

Thin material: Landau distribution of charge [2]

Track impact angle & position makes a difference [3]
Delta rays (hard knock e~) can bias charge distribution

Dead channels, noise, Vgep, temperature all could affect
this too

Radiation damage changes
Pileup from previous event
Multiple particles passing through same strips

Updated August 14, 2006



3D Space Point from Pixel Detector
CMS barrel
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Typical Pixel Resolution (CMS):

8 — 20 um
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Detektory pixlowe

MAPS
Wyniki testow detektora MAPS, rozmiar pixla 30 x 30um

Btad pozycji vs pozycja na pikslu.
Pozycja wyznaczana metodg Srodka Pozycja CoG po zastosowaniu poprawki

ciezkosci (CoG) (tzw. funkcja Eta)

Position shift Position shift

'EO'03 _'-._-5- = ..;-.:--. e

Pojedyncza czastka “zapala” Srednio 4 wyznaczana z danych poprawka prawie
pixle = systematyczny btad pozycji za- catkowicie eliminuje efekty systematyczne
lezny od punktu przejScia czastki
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Efficency vs Temperature Small Diode
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e Single point resolution versus pixel pitch:

Mimosa resolution vs pitch

% clusters reconstructed with eta-function,

exploiting charge sharing between pixels (12-bit ADC)
% Ogp ~ 1 pum (10 pm pitch) — < 3 pm (40 pm pitch)
% 4-bit ADC simul. = osp < 2 pum (20 pm pitch)
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Pattern Recognition & Track Fitting

Typlcally pattern recogn|t|on algorithms are either
“inside-out” or “outside-in.

>

You have to start with some idea of the path of the particle to
bootstrap your algorithm: a track seed

Then you take this candidate, this seed, can try to find compatible
hits in other layers

Continue this process until you've met some criteria for what a
“good track” should have

Once you've got your hits for your track, try to do a good job of
fitting your pseudohelix

Psuedohelix because there is energy loss and multiple scattering

There are also spurious hits from detector noise and low
momentum, unreconstructable tracks. These will mess up your

i, n -
true” helix
Updated August 14, 2006



Helix Parameters

We can decompose the momentum of a track in spherical
coordinates [1]:

pPx = pcososinf

py = psin¢gsin{
p, = pcosf

Different experiments choose different ranges for the angles,
it's important that you figure out what they are using:

(b S [_7‘-77‘(] 0 € [07 7T]
There must also be some “reference point” in space to

uniquely define our helix: (x,, y,, z,)

Updated August 14, 2006



Helix Parameters in x — y Plane

This parameterization is more closely related to things we
actually measure with our trackers

» C: Curvature of the
track. Signed with
charge.

» ¢o: Azimuthal angle of
the momentum at the
point of closest approach

» 0: Distance of closest
approach. (Also signed,
but differently.)

3 parameters in x-y

Updated August 14, 2006
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Filip
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3 parameters in x-y


Z=2zy+ stan \

(s, )
»/A: Dip angle of track, or

could also use
» 0. Polar angle of track

» z9: The z of the track at
the point of closest
approach in x — y

(57 ZO) .
+ 2 parameters in r-z

Updated August 14, 2006
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Kalman Filter

» The Kalman Filter [4] is an iterative procedure

» You start with a seed track. For example, a pair of hits
in the pixel detector that line up within 50 of the
primary interaction region

» Then you add points on successive layers, taking into
account projected error from current hypothesis track
and multiple scattering

» Finally, if this track passes some requirements for a
minimum number of hits, you refit it (smooth) again
with the filter using a better starting point

Updated August 14, 2006



Filtr Kalmana - sposob na dopasowywanie torow

e Algorytm oblicza parametry toru

uzywaja.c punktow “pasuja cych” do toru:
e Punkty sa_ dodawane zaczynaja c

od najbardziej zewne trznych

e Stan pocza tkowy jest brany
z zewnetrznych detektorow Slado wych \

e Stan obliczony dla detektora k-1 f
jest ekstrapolowany do detektora k |
z uwzgle dnieniem wptywu materii. |

e Punkty w znalezione w detektorze k |
sa poréwnywane z przewidywaniem
| sa dodawane jezeli nie wprowadzaja
duzego wzrostu 2 przy dopasowaniu
toru - obliczany jest stan k

Detektor k-

Materia

Stan w k brzewidzian;
na podstawie k-1

e Jezeli wie_cej niz jeden punkt “pasuje” T O
brane sa pod uwage. wszystkie mozli- Pomiar w k Detektor k
wo Sci i ostatecznie wybierany jest tor ‘ "
z najwie ksza liczba, punktéw i najmniejszym 2 | \\Stan K

\
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Tracking Resolution

The resolution of the various helix parameters depends on a
number of things

» The number of hits used from various subdetectors
(hopefully, more is better)

v

The momentum of the particle. Higher momentum
particles deflect less from multiple scattering

v

The polar angle of the track (n)

v

Quality of alignment
Presence of other tracks!

v

Detector noise

v

Updated August 14, 2006



High Multiplicity Strategies

» |f your inner layers are being swamped, use an
outside-in algorithm instead of an inside-out algorithm

» Try to boost efficiency for higher pr tracks by
reconstructing them first, and then remove these hits
from consideration

» Upgrade your detector

Updated August 14, 2006



Rekonstrukcja wierzchotkow



Vertexing: Basic ldea

The basic idea of vertexing is to figure out where the
particles came from. We can associate tracks to particle
decays and interactions this way.

Updated August 14, 2006



Vertexing Strategy

v

A vertex is a point where more than one particle comes
from

v

If there is more than one track coming from the same
place, then the helixes should cross each other, right?

v

Look for places where helixes cross

Caveat: The track parameters p; = (C, ¢, dp, tan \, zp)
are different in different parts of the helix

v

Updated August 14, 2006



Vertexing Algorithm

» If helixes cross, that means the track parameters must
be the same at some point

» In 2D, this is as simple as looking for crossing circles

» But you can take full advantage of full track
parameterization and covariance matrix to look for
vertexes

» Most methods  are built on some kind of y? of track
parameters

Ntrk
X’ =) (&— ()M (E - §(5)

]

Updated August 14, 2006



Vertex Algorithm Continued

» Again, we have a problem of pattern recognition
» The x? can be defined for any collection of tracks

» Vertex algorithms are usually iterative however, pruning
or down-weighting tracks which make large
contributions to the x? (outliers)

» Clumps, or clusters of tracks are what is searched for in
this way

Updated August 14, 2006



Rekonstrukcja wierzchotkdw wtornych



B-Tagging: Basic ldea

7

» B hadrons have lifetimes and
decay lengths distinct from
other species

» Decay length is measurable in
a given event by finding a
vertex (“secondary”) and
taking the distance to the
“primary” vertex

B : » Can look for B hadrons by
: : finding these vertexes which
are compatible with known
properties of B hadrons

Updated August 14, 2006



Example B-Tag (DO)

+ B Mesons
- Has finite life time
- Travels some distance from
the vertex before decaying
+~ 1lmm
\, - With charm cascade
- decay, about 4.2
- 3 charged tracks

Impact Parameter (d) //- \ B
Hard Scatter

Vertex Tagging a B

Decay Lengh (L,,)

Impact Parameter d/o(d)

Resolution
Several algorithms under Decay Length
active development Resolution xy/ O'(ny)

Updated August 14, 2006



“Jet tagging” -

e Dla kazdego dzetu wierzchotki wtorne sa _wyznaczane za pomoca . ZVTOP

4+ _
i b jets
3
2
v 1.
O 1 2 3 4
NSGC.V'[X
3!
3" uds jets ; C jets
E 2t
. 27 ,
\ \ 10 1
; Wlerzch wtorny ; ,
0_ | 00 1 2 3 4 %0 1 2 3 4
wierzch. pierwotny  Warstwal WarstwaZ ... N N

Sec. ViX. Sec. ViX.
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2

“Jet tagging”

4
3
\ :
\ Pinvis 1
00 2 4 8 10
Moy [GeV]
6 L
I C jets
4
2 -
Zg L Xy % 24 6 3 10
corr [GeV]
e Dla kazdego dzetu siec neuronowa ( na podstawie powyzszych wielko

T R b [
5 10 15 20
Ntracks
3: C jets
2
1t
; L [ R R
0 5 10 15 20
Ntracks
Sci ) zwraca
“b” Iub “CH

b-tag i c-tag € (0, 1) - wielko $ci méwia ce na ile jet jest podobny do dzetu
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“Jet tagging” - 3

1L b jets
_E
10 by, 1 B a1
200 0 200
dO/Ad0 zolAzO
1.1 C jets 1.1 C jets
10 - 10 - :
-3 3 L e
10 - M\ ‘ WH“HMW 10 o ﬂnﬂmﬂ”ﬂmﬂﬂjﬁm 00 200 400 2 3
0 200 0 200 L/AL L [cm]
dO/AdO zo/AzO : f
10 i I C jets
B uds jets 1.1 uds jets :
- 10 -
10 - 3
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d /Ad, z,/Az, L/AL
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What is a neural network??

Feed-Forward Neural Network

Ayi: output layer
weights Wij

h;: hidden layer

weights wjy,

Ti. input layer

+ a threshold 6, for each neuron

3 -
Output of a neuron: §0.8 =
O; =g _wjr xr +6;) 06 b

k . R
1 04 —
with g(z) = ———— C
968 =1 +e = 02 -

Training: adjust weights 0 |

— N Ngut €l. ~1 and had. ~ 0O

Ek o)jk xk+6




‘ b-tag dla h — jet(1) jet(2)

Signal: h— bb Background
1 E(1) > E(2) Ly
N oo ﬂ 10° N oo}
(@) (@) E
@G 08 S 08 [ 103
& 07 & o7t
N -
o 500 fo—1 102
0.5 05 |
—— 10
0.4 = 0.4 |
0.3 ] 0.3 | =10
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Precyzja pomiaru:

Ciecia optymalizuja ce AI'/T Przykladowe rozkiady dla :

p T twy: 1-5
Sygnat: 2414 przypadkow Al_(h — éb) — 53 % \;V:Jrso\l\;yé Ly 5o
Tto: 785 przypadkow r(h — bb) . rozdzielczo §¢ warstwy 2um
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c-tag dla h — jet(1) jet(2)

Signal: h— cc Background
1 E(1) > E(2) 1 ,
@/ 0.9 | E\l_/ 09 10
(@)) (@)
@ 0.8 10 @ 0.8
& 07 & 07 102
06 500fb—1  ©°¢
05 | 1
0.4 | - = 10
03 | _ =
0.2 =10 B |,
0.1 * E E
0001 0203040506070809 1 00 010203040506070809 1
c-tag(1) c-tag(1)

Precyzja pomiaru:

Ciecia optymalizuja ce A/ Przyktadowe rozktady dla :

) . — warstwy: 1 -5
Sygnat: 42 przypadkow Al (h — SC) p— 26 % grubo §¢ warstwy 50um
Tto: 79 przypadkéw r(h — CC) rozdzielczo §¢ warstwy 2um
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Whptyw tta na identyfikacje kwarkow b

g 1 nobgd | & 1 g 1 131 BX bgd|
@ N @ ‘ @ 3 |
O N .‘.o:.::.. . HL:) qg il
T 0.8 im0 © 08 T 0.8 i, f
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0.6 ° 2mm . 06 0.6 " 2mm f
. ® 10 mm ® 10 mm
- ® 8mm - HE 8mm 1
064 06 08 1 064 06 08 1 064 06 08 1
purity purity purity
- 0.9 - 0.9
g'0.85* 50.85 0 BX
Efficiency 0.8 .4 08 g6 BX Purity 0.8
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0.7—"%5 75 10 125 L 0.7——¢5 75 10 125 R[nl]‘%]
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Rekonstrukcja jetow



What do Jets Look Like ?
(the highest P_jet event from _CDF)

jet

antiproton

jet

Dijet Mass = 1.36 TeV

(probing distance ~10" m)

, = 666 GeV
= 0.43

.= 633 GeV
= -0.19




2->2 hard scattering

® c and d are the outgoing partons, but problem: they carry color; we
don’t observe the quarks or gluons themselves (don’t see naked
color) but instead the partons fragment into jets of hadrons (pions,
kaons, and protons)

® it's the jets of hadrons that we can observe experimentally; D(z,Q?)
describes how the partons fragment into hadrons ‘/(

Note the
fraction of hardness of
momentum carried the collision
by hadron gets involved

again




What is a jet?

Jets are the experimental signatures
of quarks and gluons Jet
Jets manifest themselves as localized ik
clusters of energy
It is the role of the jet algorithm to
identify and measure the properties of
a jet
A jet algorithm can either measure

¢ closeness in momentum space:

k. algorithm
A most often used at LEP and
HERA

¢ closeness in coordinate space:
cone algorithm

Ao Mmost often used at the
Tevatron

+ atthe LHC, hopefully both will be
equally used

Can apply these jet algorithms to . ]
calorimeter towers or particles or kT Jﬁ‘:t CD]]E Jﬁt
partons...and would like to get a ..:a cone jet on a )

similar answers, as much as possible

hadrons
—

bad hair day



Jet algorithms

® For some events, the jet
structure is very Clear and
there’s little ambiguity about
the assignment of
towers/particles to the jet

® But for other events, there |s
ambiguity and the jet

algorithm must make
decisions that impact
precision measurements

® |f comparison is to hadron-
level Monte Carlo, then hope
is that the Monte Carlo will
reproduce all of the physics
present in the data and
influence of jet algorithms can
be understood

+ more difficulty when
comparing to parton level
calculations

Raw Jet P; [GeV/c]
—+ JetClu R=0.7
= MidPoint R=0.7 423

- K- D=07

Only towers with E; > 0.5 GeV are shown



Jet Finding

« Calorimeter jet (cone)

¢ jetis a collection of energy deposits with a
given cone R: R=./4¢’ + 4y?

¢ cone direction maximizes the total E; of the jet
# various clustering algorithms

= correct for finite energy resolution
= subtract underlying event
.................................. = add out of cone energy

)
w1

parton jet

e Particle jet

+ a spread of particles running roughly in the
same direction as the parton after hadronization

HCP School 8/12/2008 Ursula Bassler - Irfu/SPP CEA Saclay 23



Jet Algorithms: Cone

e Cone algorithms
¢ draw a cone of fixed size around a seed
¢ compute jet axis

eodraw a new cone around the new jet axis and recalculate axis
and new E;

+ iterate until stable

- In addition:

+ add additional midpoint seeds between pairs of close jets
+ split/merge after stable proto-jets found

HCP School 8/12/2008 Ursula Bassler - Irfu/SPP CEA Saclay 24



Midpoint cone algorithm

® Generate p; ordered list of towers (or
particles/partons)

® Find proto-jets around seed towers
(typically 1 GeV) with p>threshold
(typically 100 MeV)

¢ include tower k in cone if

1=
praota-jet el
empty”?

N Select highest
pp profo-jet

k L C'ff E-'llllzyﬁ - y.:-:|2+ (q:"h - ';':Iic:lz Rﬂﬂ-:m—e—:l

=
— — _ 1. Eg+p.c — 1 Byc
pﬂ: I[EG"-FG' = I:Ek:pk 1 1!' = _]Il—‘.l iﬂ Et-ﬂﬂ -
} ,;{Zé } ‘ 2 EG —Puo ¢ Pazg Al this |nrmn-j|-q__ N 13"‘:"'* ThTEI'P

to jet list

o iterate if (Y2, 0¢c) # (Ye,0c)

+ NB: use of seeds creates IR- Find highest
SenSitiVity | or ru"i_ghlhru
® Generate midpoint list from proto-jets _ A (3)
+ using midpoints as seed positions JRign e _
redUCGS IR'SenSitiVity |_-:-r|1|..'|.!hlllls- rl:_:;In-.-ul: ja'l.n; I :
. . . . Recalculate Jeis
® Find proto-jets around midpoints Goto Start
cyyn . Y
® Go to splitting/merging stage
+ real jets have spatial extent and can _ | merge procojets
overlap; have to decide whether to CDF uses £=75% G e
. . 5 proto-jet
merge the jets or to split them DO uses f=50% Drop nelghbor
. . Recalenlate this jet
® Calculate kinematics (pr,y,9) from [ et

final stable cones



Jet Algorithms: k-

For each object and pair of objects: order all d; and d;:

2
dii — kT,i If dm|n d
ARZ } Collinear = merge particles

G
. 2 2
d; :kmln(kT,i,kT,('f AR<<1) T—
M Resolution “ min
p, [GeV]

Soft parameter = Jet
(D=1)
e theoretically favored, no split-merge

¢ to reduce computation time, start
with 0.2 x 0.2 pre-clusters
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kK algorithm

The k; jet algorithm successively
merges pairs of partons, particles
or calorimeter towers in order of
increasing relative transverse
momentum

The algorithm typically contains a
parameter D that controls the
termination of the merging and
characterizes the approximate
size of the resulting jets

Since the k; algorithm
fundamentally merges nearby
particles,there is a
correspondence of jets
reconstructed in a calorimeter to
jets reconstructed from individual
hadrons, leptons, and photons

As the jet does not have a fixed
area, the underlying event
subtraction is more problematic

For each precluster, calculate
di=pp,

For each pair of preclusters,calculate

a’,:f- =min(p;;,pr;) P

Find the minimum of all the ¢/, and d”-

(¥ _)'_‘.'l:l (¢, 0;)2

Merge
iand j

preclusters

e left?

Merging scheme:
4-vector addition
(E-scheme)

Pr=Pri+DPr
Py = Pyi* Py,j
Pz =PzitPyj
E=E +E



Rekonstrukcja energi jetow



® Need to correct from calorimeter to

Jet Corrections

hadron level (different response of
calorimeter to EM and HAD energy)

+ and for resolution effects

® And from hadron to parton level for
other observables (such as

Arb. Units

comparisons to parton level cross

sections)

+ underlying event and out-of-cone
Ao can correct data to parton level

or theory to hadron level...or
both and be specific about what

the corrections are

o note that loss due to

hadronization is basically
constant at 1 GeV/c for all jet p;
values at the Tevatron (for a cone

of radius 0.7)

a for a cone radius of 0.4, the two
effects cancel to within a few

percent

¢ interesting to check over the jet

range at the LHC

\partons in cone give rise

PHad=38 GeV

3.5
3
2.5IE—

1.5

0.5

ol | il ISR T I N S R

P
0 0.2 0.4 0.6 0.8 1

1.2

I Had
Z=P%?/p;®

to hadrons outside the

cone Y yeroryes
i
t
{ Jet
t
1

7

-
/’colorless states
-

A hadrons -
/; " Fragmentation process

cutgoing parton

ard seatter

g

g

=plEden, (GeV/c)

FALTR)E ]

1

2053 BE4E

11582 0.1159
D0 £ 0.001426
T.3E1e-00 34040-06
$.209e-112 2.6600-00

o
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11E

Uncertainty

CDF Run Il Preliminary

Hadron to Parton Level Corrections

P; (GeVic)

a 14
E 135 Hadron to Parton Level Corrections
- =
E E —— Hadronization
é 12 -—— Underlying svent
F Uncertainty
1
12 ....................
0of
o0.8f
E CDF Run Il Preliminary
0T
Y] ST AR BRI B I |
i} 100 200 300 400 300 G600
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Response correction

P
One possibility: .
g
use y+jet events
-y well measured and calibrated q _
_ jet
- missing transverse energy projection: P
l'.l'.ﬁ | o I uﬁ - ]
Er . of hﬂ{g'i D@ Run Il ;
Rnag = 1 4 —— P17 ot
ﬁ,"r‘ 0.70 —
The 25% correction to the 0.60 E

response is the largest of all
energy scale contributions

=
o
(2]
O T T [ TP T [ TI T[T T [ TTIT[TTTT

rel. difference [%]
[ N N ]
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JES for k; algorithm

Problem of k; algorithm in hadron
colliders: Multiple interactions

*k; algorithm is attracted to
energy deposits and picks up the
energy from MI, UE etc<.

o(L>50)/ o(L<30)

* k; algorithm has now been used
by CDF to measure a cross-
section for Run2:

« emiprical energy correction
factor used using the fact that the
cross-section is luminosity
independent

o(L>50)/ o(L<30)

1.1%

141
185

083

g

&S
bE

r

Before correction

JET

Py [GEviE]

After correction

i ———— ———

I L L I L
5 100 150 200 250
PET [EeWc]
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Energy flow in jets

e Some processes where WW and ZZ need to be separated without beam
constraints (e.g. eTe™ — vvWW, vvZZ)

e This requires a resolution of about AE/E = 30%/VE

WW 77, separation for AE/E = 60%/\/@ and AE/E = 30%/\/_

BN Sk o) Y/ TV S—

ECFA LC workshop Vienna 2005 6 Klaus Monig



Jet Reconstruction @ ILC

- Q. How to achieve the best attainable jet energy resolution?

- A. Since the momentum resolution for the charged particle
measured by trackers is much better than the energy resolution
of calorimeters, the best energy resolution is obtained by
reconstructing momenta of individual particles avoiding double
counting among Trackers and Cal orimeters.

- Charged particles (~60%) measured by Tracker.
- Photons (~30%) by electromagnetic CAL (ECAL).
- Neutral hadrons (~10%) by ECAL + hadron CAL (HCAL).

TOT pe T pcharged hadron T Ey T _Eneutral hadron
[ tracks only] [calorimeter only]

Particle Flow Algorithm (PFEA) ‘




Particle Flow: Basics

— > 2\ Resolution tracker - Calorimeter
o(Jet >:\/Z ;B +Z €eea B i+z €icaE4

O(E)/E _‘IIIIIIIIIIIII\‘II|IIIIIIIIIIII||||||||||||

1
0.035 M N
R

Resolution is dominated by HCAL |
and by H

0.025 — 1‘

"confusion” term -
w2 £l 120 GeV.

370 GeV

0.015

o (E)INE om | —
0.4 L L L L L L L L L L L L L L L L C - o

- ; . .. o(E)/E =0.3/sqrt (GeV ) 0.005 - R
0ss [ practical limit B -
035. - - - - - - - - - - - ._: DDIIIISDHHll]l]HI15[IIIZDDII25l]IHSCIIDHHS.éDIIII‘%IIIIIIIIH:L'IEDHHSDD

: : EGeV)

design detector to

< minimize confusion term

< minimize the role of the HCAL

+ for the rest: build the best HCAL possible

005 |- .

for perfect separation

Ties Behnke: Detector concepts for the ILC

=

resolution scale

Effect of changing the
resolutions by a scale factor

6)]



Track-Based Particle Flow Concept




Track-Based Particle Flow Concept

1. tracking (Silicon and TPC)




Track-Based Particle Flow Concept

1. tracking (Silicon and TPC)
2. find photon candidates HCAL

N\
T




Track-Based Particle Flow Concept

1. tracking (Silicon and TPC)

2. find photon candidates

3. extrapolate tracks into Calorimeter

> different models, with and w/o energy
loss, multiple scattering, ...

> dedicated Geometry description needed

P




Track-Based Particle Flow Concept

1. tracking (Silicon and TPC)
2. find photon candidates

3. extrapolate tracks into Calorimeter — i

> different models, with and w/o energy ,..-"';
loss, multiple scattering, ...

> dedicated Geometry description needed

4. assign MIP stub to track, find muons
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Track-Based Particle Flow Concept

1. tracking (Silicon and TPC)

2. find photon candidates

3. extrapolate tracks into Calorimeter ST

> different models, with and w/o energy ,..-"';
loss, multiple scattering, ...

> dedicated Geometry description needed
4. assign MIP stub to track, find muons
5. clustering (ECAL and HCAL)

> variable, depending on track and
photon candidates

> different algorithms

P




Track-Based Particle Flow Concept

1. tracking (Silicon and TPC)

2. find photon candidates

3. extrapolate tracks into Calorimeter

> different models, with and w/o energy
loss, multiple scattering, ...

> dedicated Geometry description needed
4. assign MIP stub to track, find muons
5. clustering (ECAL and HCAL)

> variable, depending on track and
photon candidates

> different algorithms

6. particle ID for e, h*"




Track-Based Particle Flow Concept

1. tracking (Silicon and TPC)
2. find photon candidates HCAL

3. extrapolate tracks into Calorimeter

> different models, with and w/o energy ' ECAL
loss, multiple scattering, ...

> dedicated Geometry description needed
4. assign MIP stub to track, find muons h+
5. clustering (ECAL and HCAL)

> variable, depending on track and L
photon candidates

> different algorithms . \/
6. particle ID for e, h*" IP

7. remove 'charged' Calorimeter hits




Track-Based Particle Flow Concept

1. tracking (Silicon and TPC)
2. find photon candidates HCAL

3. extrapolate tracks into Calorimeter

> different models, with and w/o energy ' ECAL %

loss, multiple scattering, ... \

> dedicated Geometry description needed
4. assign MIP stub to track, find muons h+
5. clustering (ECAL and HCAL)

> variable, depending on track and L
photon candidates

> different algorithms . \/ ,
6. particle ID for e, h™" P

7. remove 'charged' Calorimeter hits

8. clustering on 'neutral’ hits




Track-Based Particle Flow Concept

1. tracking (Silicon and TPC)

2. find photon candidates

3. extrapolate tracks into Calorimeter

> different models, with and w/o energy
loss, multiple scattering, ...

> dedicated Geometry description needed
4. assign MIP stub to track, find muons
5. clustering (ECAL and HCAL)

> variable, depending on track and
photon candidates

> different algorithms

particle ID for e*", h*"

remove 'charged' Calorimeter hits

clustering on 'neutral’ hits

© o N O

particle ID for photons and h°



Jet Plus Track

O No track-cluster matching required

= EXxpected e/x non-linearity is subtracted from
calorimeter measurement and replaced with track

momentum
Developed by CMS
) Jet Enery Resolution Applied to DO Data
212 S oal
5, F CalJet .24
Eap ™ ° k07 B cal only
1_ DO Data |- TrackCalJet 0,22: B tracks+cal
olg i:‘AcA'lhA-pL-A‘AJA-M FETCIL YRUPOTIRT L Joye yoyvrel bl PPICIT 0-2 :
0.8F -
;-wv-v-v-vov-v.mv-v=v..v..v-v-v-v-v-v-‘"'""‘""""': Tivy o C
0'7;_ 0.16}
0.6 . i
- I <0.7 -
051 track multiplicity 2 1 °'14:
04" 012 +
o'%éll|l3lnx1113|5||114|0||114|51Hlslollnslsllxlsloﬂ111&111170 O‘Lé' = I3|nl (] 14101 (g 15101 ¢4 16101 T l;ol i § .
¥ Py (GeVic) Jet Energy (GeV)
(Courtesy of A. Schwartzman)
Magnitude of improvement is much larger

FNAL-CERN Summer School 2009 fgr calorimeters with large e/x non-linearity

Calorimetry Lecture 3



Particle Flow

| CMS Preliminary |

Y Jet Improvements
'.g 04 ;— —B— Correctzd Calo-Jets
§ 0.35 - —&— ParticleFlow Jets
o 03F
3 0.5 § 0<inkl1s
s -
I.I=.I 0.2;
% O.15F= — i
Z o odE
s s e £ .
o P
10?
pT[(Ee\Vc]
usheimrev]  MET Improvements
T asF =
S sf -
f 35E - / /
€ w = /'/‘
W 30F
© E /
25F A
20F
15F O Calorimeter [
10 3 A PanicleFlow [

5

500 7000

1500

2000

TrueX E; [GeV]

FNAL-CERN Summer School 2009
Calorimetry Lecture 3

| CMS Preliminary |

8 Response Linearity

qg',- p—— = AR =

i I .

s _ Also, improves Jet Angle
0.6 and Reco Turn-on Eff.
0.4 : —s— Default Correction
0.23 §§\%\\ Correction+ 0%
055500300400 500 600
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Main problem: Confusion

e At high energy jets are
Very narrow

= Tracks are very close at the
calorimeter

e Need very fine granularity
of calorimeter and sophisti-
cated software to separate
showers

e nergy  resolution  still
dominated by confusion
term

ECFA LC workshop Vienna 2005

Klaus Monig



Particle Flow Algorithm

- In order to get good energy resolution by PFA, separation of
particlesisimportant. = Reduce the density of charged and neutral
particles at calorimeter surface.

d=0.15BR?/p, Often quoted “Figure of Merit”
//.»17 \/0'2 + Ry 2
R s B : Magnetic field
N / R : CAL inner radius
\ o: CAL granularity
Y CAL surface Ry, : Effective Moliere length

- For transverse separation of particles at the ECAL surface, stronger
B-field and/or large ECAL radius are preferable.

* Fine segmentation of CAL is also important for pattern recognition.




Radius vs. B-field

, SiD

| R=140cm
B=5T

To achieve the PFA performance goal
with a reasonabl e detector cost.

[ Cryostat

\ "LDC" [ Tron Yoke / Muon System
| R=180cm __ T
B=4T A
= R=210cm =
B=3T
ﬁ% 1

=

[US



	Tekst1: 
	Tekst2: Tracking: basic idea


