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Minimum Bias (MB)

Cross-section (mb)

Process PHOJET PYTHIA

L a vastissima maggioranza non-difl_ 0 53
dellasezioned'urto inglastica  [doweain | o
protone-protone (~50 mb su e . -

/0 d TeVatron!) € cogituita clastic 35 23
dainterazioni soffici = = 102
(produzione di particelledi | single Double Non
basso impul S0 tras\/erso) Diffractive | | Diffractive | | Diffractive

Otor = Oglas T Osd T Odd + Ond
Minimum bias : eventi raccolti senzarichieste particolari di
segndi sul rivelatore, storicamente richiedendo la
coincidenza di segndi sui due lati dedl rivelaore (indicando
che siail protone che |’ anti-protone si sono “rotti”)



Misura ddla sezione d’urto di

Eventi caratterizzati da bassa
molteplicita’ carica e basso P;

Misurarecente di CDF utilizza dati a
bassa luminosita’ instantanea (max 1
Interazione per evento)

Trigger richiede un numero molto
basso di hit nel calorimetro (efficienza
calcolata utilizzando O bias event >
random trigger)

Lasezione d'urto di questo processo
€ stato misurato su 13 ordini d
grandezzal

Studio importante anche nella prima
fasedi LHC. Trigger dedicati -
basati su scintillatori che si buttano
dopo i primi mesi di operazione
(danneggiamento da radiazione)
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Rilevanza sperimentae del MB

La COmprenSIOﬂe de raee Average # of pp Collisions
delle caratteristiche degli eventi T _TEVATRO
di Minimum Bias € importante '
per descrivere le caratteristiche 10
degli eventi ad un collider ad
altalumidnosita’, Infatti I% > T
stragrande maggioranza delle P . T |
interazioni € MB _ P4 @,Qih”“‘h*ﬁ é
Al Tevatron dlaluminosita di Lumiridsiy [em2s-]
picco 3E32 cm?st ~ 10 o 102 1053
Interazioni per bunch crossing

(con digtribuzione di Poisson!) ~ NB: piu’ alta la frequenza di
crossing (ovvero numero di

A LHCalE34 cm?st~20 pacchetti) a parita’ di

Interazioni per bunch crossing luminosita’ minore il numero di
Interazioni per crossing

é bunches

36 bunches B
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Figure 1: Central charged particle density for non-single diffractive inelastic p-p collisions.




Interazioni protone-(anti)protone

A typical Tevatron event consist of:

® Production QCD related

¢ Hard scattering:
v perturbative regime

¢ underlying event & soft
physics:

v" phenomenological models

Andrea Messina, CERN Boson + jet measurement at CDF - CERN Sept 3rd 2007 10










Jet Algorithms

Devono consentire di riconosceretutti | jet e permettere di
collegare I'esperimento dlaQCD

mportanti criteri:

a

Non deve dipendere da dettagli dd rivelatore

Comportamento “civile’ con I'aumentare ddlaluminosita e
dell’ occupancy del rivelatore

Facile dacdibrare e efficiente ndl’'uso ddla CPU
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Jat Kinematics

Possibi
partice

Unavo

e definire jet utilizzando, cdle caorimetriche,
e MC ddlo gato finae o parton

taclugerizzate le“ cdle’ definiamo:
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1=>0

Definizione semplice = facile applicare boost
Approssimazione buona per masse jet piccole
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Cone Algoritms ETCLU

Scdtatradizionde a c. e S
collider, per lasemplicita e
dell’dgoritmo, lasemplice = owiimr 7+ i
carateristicageometricae I

il limitato utilizzo di CPU e b

Is the !

S clusterizzano le cdlein « (e pige e )
g . — s
coni di raggio R=\n’+¢

lterate the cone to stability
or until the centroid is

outside the calorimeter.

'

Seeded dgorithm (tipico TEE—
seed tower Et>1 GeV) kjh
8 I

Add cone to the
list of protojets.
I
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Cone Algoritm: MidPoint

Evoluzione dell’'dgoritmo cono

S aggiunge dlalistadd seedsil “midpoint” trail seed
I-esmo etutti gli dtri che sono entro unadistanza
d<2ZR

S avvicinadle prestazioni di un agoritmo cono senza
I'utilizzo di seeds (= infrared safe)

Senzarendere eccessvamente costoso 1n termini di
CPU |'agoritmo
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k_ Algorithm |

* Clustering algorithm most
commonly used at hadron
colliders.

* For all energy clusters define:

df:p;f

| '|2 l '.2
e 3 3 AT +1 EJ!'JF—{f_:J.,I
{.J.—m}};'l,prlfj Pr_;l D3

where D ~1 is a parameter of the
algorithm.
° dﬁ. Is the minimal relative

transverse momentum between
[and j.

Slart
with a list of
proc lustors

Forecach preclustar computs
the value of J and for cach

pair of preclustas $e vakie

of d
L]

Remove preclustan |

ancl / and n:|:l|.:..:n.: then

by a mew, miarmed
preclusier

'

’ Identify d_, the

s value of all
the J and -'J_

Lamove proclusiar ¢
froen the list and
add it to the Ist of
ris

gLl
there objects left in the lst
of proc kstars?
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K+ dgorithm

Tipicamente il tempo di esecuzione di questo agoritmo €
troppo elevato (cresce con n3)

S introducono soglie minime per velocizzare I'agoritmo...

Recentemente gppaono in letteratura agoritmi che abbinano
le buone caratteristiche teoriche con lavelocita di esecuzione
- gli esperimenti d Tevatron per oranon trovano differenze
sgnificative nelle misure effettuate, mail panorama€
piuttosto effervescente in questo momento

- misure di QCD sono le prime apoter essere effettuate a
LHC abassaluminosita!
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Kt/ Midpoint Jet cross-section rétio
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FIG. 17: The ratio of the inclusive jet cross sections measured using the kr and Midpeint jet finding algorithms (black). The
systematic uneertainty on the ratio is given as the vellow band. The predictions from NLO pQCD and pyTHIA for this ratio
are shown in blue and red lines, respectively.



Produzione di J&t in interazioni p-(anti)p

Produzione di jet adronici
nelle collisioni p-p

Oltre al jet prodotti nello
scattering duro dobbiamo
considerare il cosi-detto
“underlying event” composto
da

o Beam Remnants (adifferenza
che per particelle collidenti
puntiformi)

o Radiazione di QCD da stato
iniziale efinale (ISR,FSR)

B Initial-Stite
Faudiolinn

J7
Beam ‘_' ~v / —P- Beam
Remnants a / » Remnants

Jet
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Produzione di J&t in interazioni p-(anti)p

E tal VOI ta da Multiple Parton [nteractions /ouceing Portn
ulteriori interazioni
soffici in una singola
collisione protone-
protone dette:
Multiple Parton
Interactions (MPI)

Questi fenomeni non-perturbativi vengono
moddlati fenomenologicamente ed
opportunamente codificati nel normali
generatori di eventi Monte Carlo
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Sudio ddlo “underlying event”

| moddli fenomenologici
sono statl adattatl a datl Calorimeter Jet® #1

or

dl Ta/aron “Charged Particle Jet” #1

|n particolare atraverso

lo Sudio degli eventi a
due et e dd flusso di
particelle cariche e ddla
dengta di impulso ndlle
regoni “Transversg’ .
60° <| AD| <120°

“Toward-5idde™ Jel

19



Charged particle dendity

"Transverse” Charged Density
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Transvere Momentum D engty

"Transverse” Charged PTsum Density. dP Tsum/dndd

CDF Preliminary
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Pt spectraof underlying event particles

A crescente energia del jet
principal e corrisponde uno
peitro ddl’'underlying event
sempre piu’ duro (code piu’
elevate della distribuzione)
dovuto all’aumentare della
probabilita’ di emettere

"Transverse" Charged Particle Densityl

CDF Preliminary

JetCluR = 0.7 [nfjet)] < 2 data uncorrected

1.0E-01 theory carrected

PYTHIA Tune A 1,96 TeV

1.0E-02

1.0E-03

1.0E-04

Charged Density dN/dndgdPT {1/GeVic)

gluoni hard a grande angolo /T
1.0E:05 - | 30 < ET(jet#1) < 70 GeV
Andamento ben riprodotto — f

1.0E-06

dal tuni ng di CDF 0 ; " 5w

PT{charged) (GeV/c)
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Trasverse energy flow eformade jet

|mpatto significativo
dell’ underlying event
anche su jet duri
(Et>30 GeV)
prodotti in processi
di alto pt, in questo
caso Z+|et

Ben riprodotto dal
tuning sperimentali
al TeVatron

Tune DW vs Tune A
- moddlli alternativi
dacui sl puo’
ricavare una
sstematica

CDF Run Il Preliminary

0.5 Z—ee + jets
- 66 < M, < 116 GeVic’
- ET > 25 GeV, nf§| < 1
0.4 Ml<1 || 1.2< 5| <28
i P > 30 GeVic, [y < 2.1
AR(e jet) > 0.7
0.3
e« Data L=17f"
Pythia Tune A
0.2 —— Pythia w/o UE
— Pythia Tune DW
0.1—
| Statistical uncertainties only
o_llllllIII|IIII|IIII|IIII|IIII|IIII|IIII|IIII|III
0 01 02 03 04 05 06 07 0.8 09
r/lR

2



CDF - Cdorimetri

Central Electro-Magnetic
(CEM) Calorimeter n=l0 -

o Lead-scintillator L
o o(E)/E=13.5/VE%®1.5% T

(for electrons)

Central HAdron Caorimeter

(CHA) _

o lron-scintillator n=3.0 - gl

o o(E)/E=50% /VE ®3%
(for single pions)

”353533325352535¥E€!32E35¥53!¥ES

n=2.0 __

Plug Electro-Magnetic (PEM)
Caorimeter

o Lead-scintillator

a0 o(E)/E=16/VE%®1%
Plug HAdron Calorimeter
(PHA)

o lron-scintillator

Qa G(E)/EZSO% /VE @5% Figure 1: Elevation view of one half of the CDF detector displayving the components of
the CDF calorimeter: CEM, CHA, WHA, PEM and FHA.
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Misuradell’energiada jet — Jet corrections

Jet correction are used to scale the
measured energy of the jet energy back to
the energy of the final state particle level jet.

Additionally, there are correctionsto
associate the measured jet energy to the
parent parton energy, so that direct
comparison to the theory can be made.

Currently, the jet energy scale is the major
source of uncertainty in the top quark mass
measurement and inclusive jet cross section.

O
2
©)
=
3
2
®
=
o
(1)
(o

The CDF jet energy corrections are divided
into different levels to accommodate
different effects that can distort the
measured jet energy, such as, response of out of cone &t

the calorimeter to different particles, non- particle \\/65
linearity response of the calorimeter to the
particle energies, un-instrumented regions

of the detector, spectator interactions, and ‘
energy radiated outside the jet clustering
algorithm.

unc[crlging

event
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Correzioni In seie

Vedremo in dettaglio 1 seguenti step:
"Onling/ Offline cdibrations'

0 Rispostadea cdorimetri aparticdle sngole
" Absolute'

"Eta-dependent”

"Multiple | nteractions'

"Underlying event”

"Out-of-cone"
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Tuning ddelasmulazione dd rivelatore

Sep essenzide per la successiva cdlibrazione assoluta

S utilizzano smulazioni parametriche ddllarisposadd
caorimetro dettromagnetico e adronico, e c'€ quindi la
necessta di derivare| parametri dalo studio de dati
Sorgenti di dati:

o Single particle data > tracce isolate

o Test beam (pioni)

0 Jy—eeeZ —ee pe laparte elettromagnetica

Nota 70% circaddl’energiadi un jet € di tipo adronico 30%
el ettromagnetico (n°-2>yy), con grosse fluttuazioni!

27



E/ p cdibration

Ndlaparte centrde
dd riveaorell
confronto trala
scdadd tracker e
quelladd
caorimetro ci
fornisce la
correzione
necessaria per effetti
di non linearita,
Zohe morte &tc.
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& 0.8 +
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k3 ¥
b P
2} %] 33
by
0 i 0 i
0 2 4 & &8 10 12 14 18 18 20 o 2 4 & B 10 12 14 18 18 20
p (Gevic) p (Gevic)
8 e Data: Corrected 3
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Figure 5: Fractional energy observed in the central calorimeter as a function of incident
particle momenta. The top row shows (Ecga/p), (Ecma/p) and ((Ecpy +Ecna)/p) for
data signal (triangles) and background (histogram) and for single track MC simulation
(open circles). The bottom row shows the same distributions for data after background
subtraction (full circles) and MC' simulation (open circles).
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Test beam vs Smulazione
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450 ] 00 f } 3
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Figure 6: Top left: Energy observed in CHA for particles that do not interact in the CEM.
Total (top right), CEM (bottom right) and CHA (bottom left) energy for charged pions
with p = 57 GeV/e. The test beam data (points) are compared to the CDF simulation
(solid line).
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Risposta dla parte eettromagnetica

—~ 1.2 .
m? - o W—evMC :
~ 115 | « W evData .
: s Jiy— e'e MC :
11F »  Jly— e’e Data .
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Figure 10: (E/p) versus p for electrons and positrons from J/i) — ete™ and W — e*p,

data (closed triangles and circles) and MC samples (open triangles and circles) samples.
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Time dependent calibration

| asgemadd caorimetro € controllato
periodicamente con sstemadi laser (per guadagno
PMT) e utilizzando delle sorgenti mobili

Vengono inoltre utilizzati 1 picchi dello Z edélla
J v=>uu per tenere tracciaddle variazioni temporali
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Absolute corrections

|’ energia assoluta del

jet € definitacomela
piu’ probabile energia |
trasportata dalle 800 |

— 010 (GeVie)

1000 |-

-=e=- 10<pE*™<30 (GeVic) |

3[]<:p$5m°'3<:6[] (GeVic) :

60<p2™"™*<100 (GeV/c) |

particelle all’ interno del 600 |
cono |
: 400 -
Ottenutadaun fit alle ;
ditribuzioni MC in o
funzione dell’ energia o =0 w0 s
dai jet ph™1 - pit (GeVic)

Figure 21: Apr = ph™% — pi¥* for Rj.=0.4 jets matched using AR < 0.1 for different
_particle hins
I Hins.
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Absolute corrections

Ripetuto per ciascuno del p
valori del raggio del coni
studiato a CDF

Correzione simile per
clascuno del valori di R

Dipende essenzialmente | ;
da”a I’iSpOSta de| " 5'0 160 150 260 250 360 350 460 450 560

P (GeVic)

. . . . y
Cal Orl I I Ietrl (non | I nearl ta Figure 22: Absolute corrections for different cone sizes as a function of calorimeter jet pp.

The solid line shows the corrections for cone size 0.4, the dashed for 0.7 and the dotted

abassa energia)

Cone 1.0
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Absolute corrections - uncertanties

Dominato dall’ incertezza
nellacdibrazione E/ p

del calorimetro adronico
(vecchi dati del test bean,
ad alto impulso)

=
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inty
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Plug relative caibration

Since the central calorimeters are
better calibrated and understood, this
correction scales the forward

calalori meters to the central calorimeter
scae.

This correction is obtained using
Pythia and data di-jet events.

The transverse energy of the two jets
In a2->2 process should be equal.
This property is used to scale jets
outside the 0.2<|eta|<0.6 region to
jetsinside the region.

Thisregion ischosen sinceit isfar
away the cracks or non-instrumented
regions. This resultsin a correction as
afunction of pseudo-rapidity and Pt.

Good agreement of the relative
response of the calorimeter between
PY THIA di-jet production and data.
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Plug relative caibration

J ot~ Jet b aI ance ﬂ\ B = Pt"°*pt"d |  CDF Run 2 zrelln;inary
1.2F =
Pt1-Pt2 should be O in the " pr
absence of missing energy o9} b
(neutrinos) or additional jets o |
| oo | L hn
— probe tri F =+ dijet>oU MG >3 Tpre-
B—p /PT g .USGd to | °-5_"-3"'-'z""-'1""6""4"'2'";]&'
calculate relative corrections !
| B=Pt"™pt" |  CDF Run 2 Preliminary
Procedure repeated for any = R=04
avallable cone size -1 s
1
0.9F f
0.85
0'72 —e— jet50 data 5.3.1pre2
0.6F —+— dijet50 MC 5.3 1pre2
0_5—.....‘I....I....I....I..‘.I

-3 -2 -1 0 1 2 Je:_ll n
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Plug relative caibration

Photon-jet balance Ol
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Relaive correction systematics
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Multiple interaction

< Number of Vertices >

po 1.046+ 0.003 ]
pi 0.01506 £0.00012

0 20

Figure 26: Left: Instantaneous Iuminosity for W — ev events measured up to September
Right: Mean number of reconstructed vertices in W — er events versus the

2004.
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instantaneous luminosity. Also shown is a straight line fit.

Ad ataluminosita’ instantanea

Il numero di vertici ricostruito € un buon
estimatore dellaluminosita

La correzione dipende dal raggio R
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Underlying Event correction

Dal confronto dei jet a
Ivello particella con e senza
'underlying event in Pythia
Correzione importante
soprattutto per coni grandi

—> Incertezza maggiore a
basso Et

Underlying Event Systematic Uncertainty

=

=

=
|-
|

>
=
=
)

|

Fractional UE systematic uncertainty
2
T
|

=

>

= !
I

11 L1 L T I Tt I --."T--- il i 1T} m
20 40 060 80 100 120 140 160 180 200
Corrected jet P; (GeV)

40



Out-of-cone correction

Anche qui il confronto €
con un modello MC

COOC

14,

13

09|

08|

Cone 1.0
- Cone 0.7
—Cone 04

50 100 150 200 250 300 350 400 450 500
pgl)_artlcle (GEV/C)

Qut-of-Cone

Fractional OOC systematic uncertainty
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Figure 35: ~y-jet balance in data, PYTHIA and HERWIG for R;,=0.4. Overlaid is the cor-

responding vy-jet balance on particle level jets (triangles) calculated using particles at
generator level without detector simulation. The distributions are normalized to 1.
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Figure 37: Z-jet balance in data (closed black circles), PYTHIA (solid red line) and HERWIG

(dashed blue line) for R = 0.4 (top left), R;.; = 0.7 (top right) and R, = 1.0 (bottom
left) after all corrections.
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Breakdown of JES Systematic Uncertainty
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FIG. 12: The percentage uncertainty on the jet cross section in the rapidity region 0.1 < |y| < 0.7 due to different components of
the jet energy scale systematic uncertainties. The decomposition includes contributions due to the description of the calorimeter
response to hadrons for three different ranges of hadron momentum and a pr-independent component. More information can
be found in the text.




Conclusioni

Conoscenzaddlascaadi energade jet alivdlo dd
3% ad dtaenergia (10% a bassaenergia)

Cdibrazione complessa cherichiede I'utilizzo ela
comprensione di molti dati divers

Attuamente sstematica principare per misuredi jet e
per lasezione d'urto de et

| mportante anche per lamisuradi precisone dd top,
sebbene in questo caso Sano stae introdotte tecniche
di cdibrazione in-gitu
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