Program

- Accelerators and detectors
- QCD Measurements

- b and ¢ quark properties

- top properties

- new physics searches
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Why Colliders

Particles with high mass and L
low production cross section 1 mb -

had/have to be experimentally = -

discovered to *g‘

verify the validity of the 5T

Standard Model *g

Colliders have been and are a E L

very powerful tool. g
B 100l
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Colliders vs. fixed target: Rate

Fixed target:
Beam with n _particles per second

Target of length | with density particles n, per m’

For each single particle the number of interaction in the target:
N=o0,.°n,-|
where o, is the interaction cross section.
If the target is larger than the beam, the rate R
R=dN/dt=0,,n n,"l
R=o0,.L
L =n +n,:l is the luminsity [cm”s”]
The luminosity depends only on target and beam
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Colliders vs. fixed target: Rate (2)

Colliders
Two beams with n, and n, particles per area

dn, n - . C : :
1 _"1 e Gaussian distribution normalized to

ds 27m0 0 :
oy , , ,  humber of particles
dn, n, x*1267 +y 20

ds 27n0 o
X Yy

x2/2c5)26 +yZ/2c52

e

€

362/2<52+y2/2c52
X Y

Number of particles n, in an area dxdy dn, xy, -dxdy

) o 0

X7y
The probability of interaction of a particle in beam 1 in (x,y) is the
number of particles of beam 2 in the area g,

nz B
e

nt
2 .o,

#1262 +y2/202
X v

plx, y)=dn, xy|=
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Colliders vs. Fixed Target: Rate(3)

Total number of interaction per bunch per'zcr'ozssing N

1772
"A o o
\/—fd 2(0J2) \/
. . non,
Given k packets in each bunch R=c  -L= :
with a frequency f, the rate R 4mo ok
- = nyn,f
47mo .0,k
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Colliders vs. Fixed Target: Rate

Assumptions:
- same C.M. Energy
- same interaction cross section (e.g. o~ 1ub)

Fixed target
n= incident beam density =102 particelle s
- P= target density = 1gr/cm3
n(st s |= target thickeness =1cm

O-int= 1 l"lb

A= Avogadro number = 6x1023

R=nlpUA,  =6x10s"
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Colliders vs. Fixed Target: Rate cont'd

Collider
_ 00 n,=n,= beam particles
n n
o .= ,=50 MA D n,=n,=i_/Jef = 3.3x10"

F= transverse section of beams= 0.1x0.01 cm?
B= bunch number=1
f= revolution frequency = 10¢ s

r=P g~ b g o040

F int f I}z
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Center of Mass Energy

Beam/target particles interaction:

Fixed target Collider
o— © o—> <+—0
El' Pl Ez' Pz El' P1 Ez' Pz
PZ =0 in The IClb SYSTem Co”inear- beams;
2 2 2
Ecu=mi+m;+2E,-m, E2 =m’+m+4E,E,
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~Center of Mass Energy cont'd
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Luminosity

_ nn,fB _ N°fB n=n,=N, B=number of bunches
dro o k A

A= interaction area

In the ideal case particles are lost only due to interactions:
dN/dt = -L-0._-n/B where n=number of detectors receiving luminosity L

L)z

- I’ZLO 0, I(T) = 2 L(t)dt -

[1+( N )¢] fn

§ - g .

| L(t) I(t)
g8 T,
B i
g:: \ E"‘
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A bit of History

1961 AdA, Frascati Italy 1989 LEP CERN 205 GeV
1964 VEPP 2 Novosibirsk, URSS 1992 HERA, Amburg Germany

1965 ACO, Orsay, France 1994 VEPP-4M Novosibirsk Russia
1969 ADONE, Frascati 1998 PEP-IT Stanford USA

1970 ISR, CERN Swiss 1999 DAENE, Frascati Ttaly

1971 CEA, Cambridge, USA 1999 KEKB Tsukuba Japan

1972 SPEAR Stanford USA 8 GeV 2003 VEPP-2000 Novosibirsk Russia
1974 DORIS, Amburg, Germany 2008 LHC CERN Swiss 14 TeV

1975 VEPP-2M Novosibirsk, URSS
1978 PETRA Amburgo Germany 45 GeV
1979 CESR Cornell USA

1980 PEP Stanford USA electron-positron
1981 Sp-parS CERN Swiss 630 GeV proton-proton
1982 TEVATRON Fermilab USA 2TeV electron-pronton
1989 SLC, Stanford USA 90 GeV proton-antiproton

1989 BEPC, Bejin china
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Hadron Colliders
ISR: p-p [s= 63 GeV (1970-1980)
SpS: p-pbar Js= 630 GeV (1980-1991)
Tevatron: p-pbar /s= 1,960 TeV (1978-2011)
LHC: p-p J/s= 14 TeV (1998- )

ISR(InTer'sec‘rmg Storage Rings)
1971: first p- D Z TN

Proton
Synchrotron

E— )

Fig. 2.1. Schematic view of the PS and ISR rings.
September 10 2013 Corso Dottorato 2013 13



Hadron Colliders: ISR

Standard Model just at the begin, most phenomenology

T, Kk, p production cross sections on protons seem constant with E

Most important results:

» measurement of a(pp), increasing with energy

» determination of do/dt (quadri-momentum). It follows
optical-diffractive model 00 et e

> first hint of jets: excess of secondary |ta
tracks at (high) transverse '
energy

—

&

oy (Ppl-oy (pp! (mb)

)
Sy
—ce—

Difference of p-p and p-p _
cross section, at high | SR
energies goes to zero

SR

=00

PLag [GeV /)

Fig. 43 Measurements of the
total cross-section difference,

O (pP)-0r(PP)s Vs. Py,
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Hadron Colliders: SpS (Super Proton Synchrotron)

1982 CERN was able to produce, accumulate, cool and accelerate pbar
thanks to Simon Van der Meer 5 PRODUCTION
00Gevic p IARCET

|

35 Gevic P EXTRACTED
B e

p STACKING 10 EXP AREAS

/P

MAIN RING

p P INTERACTION
POINT (B"=3.5M, ap=~0)

Fig. 3. General layout of the pp colliding scheme, from Ref [9]. Protons (100 GeV/c) are
periodically extracted in short bursts and produce 3.5 GeV/ec antiprotons, which are accumulated
and cooled in the small stacking ring. Then p's are reinjected in an RF bucket of the main ring and
accelerated to top energy. They collide head on against a bunch filled with protons ol equal energy
and rotating in the opposite direction,
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SpS Results

The detectors UA1 & UA2 (Underground Area 1,2: 35 meters underground)

The Standard Model is a reality: ] | VAN
- jets identification > L w
- measurements of hadronic cross section ~ *f I
- discovery of W and Z bosons 2 o -
- 0 I ’ PP collider |
S | +
o | T
SpS pbar [ 1 wn |
..\ |ISRpbar p | N R
&
I.'ﬁH .l - j .
AN 2T | ISR just
e, f Pl o
[ ISRp p & it under threshold
e TP S o itV E for jets production

Fig. 1. The behaviour of . (pp} asd ,,,{pf) 25 & fanction of v
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SpS Results: W discovery

-~

Fig. J5d The same an picoare (a}, cxcept thar new anly particles with I Gl
calorimeters with Epa1 GV are phown. . = -

September 10 2013

First W candidate

Showing all tracks
it is difficult to
declare it isa W

UA2 demonstrated that
these events were W
comparing to
expectations

Cutting tracks
with E<1GeV
there is only
the e

EMERGY
= SCALE

10 GEV

Corso Dottorato 2013
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SpS Results: W & Z discovery

it 3. Saivimd amdl A Siverman, Phoncr siih mafer —aoymatr coliderd

T T T T

|
|
electron I
|

neutring
Eranawerae Eranasar .
eneegy ENErgy
148 evenin 148 gwenis

w | 7 1
= o5 Gelie]
3 - /
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Fig 3.5, The lepion traaseerse energy distributions for the UAL sample of weil-menuned W =g v, eveats, (1) fe clection Irasssene nergy

diirbetion and {b) the neuinne resene crergy disnbution. The shaded parts show (e sapected coviributions from jei-joi Aecuatiors

{crom-haiched) and W — 1 decays with 1 — hadeoss top left i botiom right heediing ) and v— £v, v, {top right b bottom lefi katching). The ]

shiw {he predicuom dor the tackground subracied dsinbenoss (sormalaed w0 the dafa) cormesponding in W with 2 mass of 3.5 G

Traraverse energy and Mamverse monenium e @ iis cne equivaken expressons (UAL [21]).

e+e- invariant: the Z°

Events ree ¥ GEY

15
i OL0 BacucADUMD SHAPE
; 10 Pt
Bos
iml
H &0 a0 100 120
wage (GEW/c)
(B
Fo WAE: romaL SELECTIONS
= I53 evEnTE
15
R I8 evEnTs -
rtu WERTE BACEEACURED
5F %2 §
o |

1  Fondo atteso da
non-W e da W—1v

TWD ELECTRDNAGRETIC CLUSTERS
92 Evewts

345

UAT

L™ 1GEV Y
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Fig. 3.9. {a) The distribution of ¢ e pﬁx.wludiz'—t.'z'prﬂwm [20[). (b} The & "¢ events, colleeed by UAZ [22].
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Hadron Colliders: Tevatron

The first super-conducting syncroton
Electric field to accelerate particles
Magnetic field to drive and focus particles
using dipoles and quadrupoles

Complex chain:
FERMILAB'S ACCELERATOR CHAIN
I{f ‘t“ —__ MAIN INJECTOR
oA
TEVATRON \ k{ﬂ‘ﬂ:LE \\
P S ND)
I DZERO ---H‘“-HH S _%//TARGET HALL
N SN anmieroTon
& Y &f—e;\?DUHCE
x"“-- CDF x:illlltl'x,-}“z;?f’
LR ,,f{a"\ 59— BOOSTER
Y= g
A ~ COCKCROFT-WALTON
PROTON _— il
.--;;;“-/f hhhhh on
’__F___..- f/,f Diraction Dirsctien
meummfg;;__.% MESON i
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FERMILAB'S ACCELERATOR CHAIN
MAIN INJECTOR

TEVATRON

TARGET HALL

ANTIPROTON
_SOURCE

TER

COCKCROFT-WALTOM
PROTOMN

Antiproten  Praten
Diraction  Direstien

Cockroft-Walton
accelerator:

H- ions produced and
accelerated up to 750 k

September 10




FERMILAB'S ACCELERATOR CHAIN
MAIN INJECTOR

TEVATRON
)
| " TARGET HALL
ANTIPROTON
< SOURCE

N BOOSTER

COCKCROFT-WALTOM

Proton Pratan
raction  Direstien

MEUTRING MESOM
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FERMILAB'S ACCELERATOR CHAIN
MAIN INJECTOR

TEVATRON

TARGET HALL

ANTIPROTOM
VOLUIRCE

BOOSTER
LIMNAC

COCKCROFT-WALTOM

PROTOM

ntiproton  Praten
Diraction  Direstien
.

The Booster synchrotron strips
electrons off H- and accelerates
remaining protons

September 10 28 ,.-‘. :




FERMILAB'S ACCELERATOR CHAIN
MAIN INJECTOR

TEVATRON

LIMNAC

CROFT-WALTOMN

September 10 :




FEEMILAB'S ACCELERATOR CHAIN

MAIN INJECTOR

R g ; L b £ : ~ TEVATRON

TARGET HALL

AMNTIPROTOM
_SOURCE

Y BOOSTER

COCKCROFT-WALTOM

PROTOM

Main Injector:
+»p up to 120 GeV for anti-p prod.
-~ = + deliver p-beams to fixed target exp
Tevatron I ‘ + accelerate p/anti-p up to 150 GeV
' for Tevatron Injection.

& : s i 1‘ o -..___r..._ — > send to recycler anti-p after stores
suuﬂ‘:e T
P Main In]ector

& Recvcler




Main Inje&gr
& Recycler

FERMILAB'S ACCELERATOR CHAIN

MAIN INJECTOR

| TEVATRON

TARGET HALL
ANTIPROTON
. _SOURCE

BOOSTER
LINAC

COCKCROFT-WALTOM

PROTON
NEuTRING_
il 4
, Recycler, 8 GeV fixed energy
storage ring: recover and recool

anti-p left over after Tevatron
coII|S|on operations




FERMILAB'S ACCELERATOR CHAIN

MAIN INJECTOR

TARGET HALL

ANTIFROTOM
__SOURCE

BOOSTER
LIMAC

COCKCROFT-WALTOMN
PROTOMN
NEUTRING — - " MESON
<+ Tevatron:
p/anti-p beams up to 980 GeV,
providing a

1 96 TeV

\-."-.

L]

Main Inje&gr
& Recycler




Tevatron bunch structure

396 ns

\

E-unr:h 21 huckem 1113 RF bucksts total

Traln

“‘&MJL& IOV ol ULMJLW/
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The new hadron Colliders: LHC

1982 :
: Z0O/W discovered at SPS proton antiproton collider (SppbarS)
1989 :
1994 .
1996
2000 :
2002 :
2003 :
2005 :
2008 :

1983

2009 :

First studies for the LHC project

Start of LEP operation (Z/W boson-factory)
Approval of the LHC by the CERN Council
Final decision to start the LHC construction
Last year of LEP operation above 100 GeV
LEP equipment removed
Start of LHC installation
Start of LHC hardware commissioning
Start of (short) beam commissioning
Powering incident on 19th Sept.
Repair, re-commissioning and beam commissioning

J. Wenninger
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The new hadron Colliders: LHC

CERN Accelerators

(not to scale)

0.999999c by here

nauinnes & Gran Sasse (()

0.87c by here

LHC: Large Hadron Collider

SPS: Super Proton Synchrotron

AD: Antiproton Decelerator

ISOLDE: Isotope Separator Online DEvice
PSB: Proton Synchrotron Booster

PS: Proton Synchrotron

LINAC: LINear ACcelerator

LEIR: Low Encrgy lon Ring

CNGS: Cern Neuatrinos to Gran Sasso

0.3c by here

mdolil LEY, P Diveos, CERN, 02 09 96
Revised wnel adugied by Sl Dl Raowas, BTT D6,
il Do laBsarssn wigh I8 Dwaloiges. 30 D4v, asd

113, Munglaedo, PR Div. CFRM, 230000

LHC animation

Start the protons out here

September 10 2013 Corso Dottorato 2013


http://hands-on-cern.physto.se/ani/acc_lhc_atlas/lhc_atlas.swf

How particles interacts with matters

Particles interacts with matter depending on the type of particle
and the energy.
We use the energy deposited by the particle to identify the it.

Charge Particle = collision with atoms and atomic e — ionization
and excitation of atoms

Neutral particle = interaction with material — charge particle
production = ionization and excitation of atoms

Summary of the energy loss mechanisms:
- multiple scattering
- Bethe-Block
- ei
- photons

September 10 2013 Corso Dottorato 2013

30



Bethe-Block

The mean energy loss of a charged particle:

2m02ﬁ2y2Tmax _ﬁz _M
I’ 2

L]

1. It depends on the charge of the incident particle (z°)

2. It depends on the average excitation potential of the material (I)

3. It goes as 1/B? for increasing 3 with a minimum around By ~3+4
which is almost the same for all particles of the same charge,
then grows again (log(B%?) dominates) relativistic rise

4. The relativistic raise stops and it reachs a plateau (Fermi plateau)

September 10 2013 Corso Dottorato 2013
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—dl Ay (MeV g tem?)

I 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 1 IIIIIII 1 L1 11111
0.1 1.0 10} 10X 1C30cy L0 0co
fr = e

L 1 IIIIIII 1 1 IIIIIII 1 L IIIIIII 1 L IIIIIII 1 1 IIIIIII
1.1 1.0} ] 1CIEC) 1 OCIc)

Mo momentum (Gese

.1 1.2 102 B LCI0) 1 O}
P1on momentum (GeViie)

1.1 1.01 101 10103 o 1CICICK]
Proton momentum (Ge% el

Figure 26.3%: hMean energy los= rate in liguid (bubble chambery hydromen, gascons
helivm, carbon, alumimmm, iron, tin, and lesd. Badiative effects, relevant for

mons and pions, are not incladed. These become significant for muon= in iron for
Ay o= 1000, and at lower momenta for muons in higher-#2 ab=sorbers, See Fig, 26,20,
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Energy loss fluctuations

Thick absorber: many interactions — the energy loss is distributed as
a Gaussian.
Thin absorber: Landau distribution or/and Vavilov distribution

A (MeV gt om)

(150 1.50 2.00 2,50
1 1 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
L.oT A00 MeV plon in stlicon. 7]
i GAT pm (148 rng-‘nrl‘-":] i
e e A0um 747 |1|5',."fn|j£] -
- ———- 160 pum 371 |1|g."fn|'£]
= L ity = ~ B0 pm (187 mgem?
X
- A -
-E' 1.5 i
0.4 .
- Mean energy
C — loss rete
0.2 .
0.0 L ..|...¥| ol

100 2(X) 200 ~0a
Asx eVium)
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Cerenkov Effect

The Cerenkov radiation is emitted when a charged particle moves
in a material medium faster than the speed of light in the same

material, Bc=v>c/n where v is the speed of the particle and n is the
index of refraction of the material.

The light is emitted at fixed angle

cosf- =— |with n=n(A) =1

September 10 2013 Corso Dottorato 2013
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Cerenkov Effect

The number of photons emitted per unit length and unit wavelength:

d*N 2772 a 2772 a .
sin” 6,
dxdA ,8 A

2
d*N D— with A :—:E d—N:const.

dxdA )2 v E dxdE

dN/dA
It decreases as function of wavelength

dN/dE
It is constant as function of E

>E

September 10 2013 Corso Dottorato 2013
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Electrons energy loss

Electrons and positrons lose energy by collisions with material atoms
described by the Bethe-Block formula (modified) and by

Bremsstrahlung.
(dE/dx) =(dE/dx) +(dE/dx)

The critical energy EC is defined (dE/dx)mcl = (dE/dx)w”

E =800(MeV)/(Z+1.2)

For high values of y (E>E ) the dominant process is the Bremsstrahlung:
dE/dx=E/X,

from which: E=E e~/

that defines the radiation length:

after a legth x=X_the energy drops by 1/e

September 10 2013 Corso Dottorato 2013 36



Multiple Scattering

Elastic scattering of particle on nucleus material, the particle does not
lose energy but change direction (Coulomb scattering)

e

The average angle of scattering is zero in the multiple

scattering but the dispersion can be calculated
2

(0% )= x A T > as function of energy X, = radiation length
Xog o pp
E
0 =——1xX, E = \/4—n -mc ~21MeV)
pep a

If the particle goes through a "small® number of X more accurate:

192[MeV]\/x/75 +0. 038ln% ui

When the particle hits the nucleus electron — small particle deviation
Possible e extraction (delta rays)

September 10 2013
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Photons energy loss

Photons interact with matter via:
- photoelectric effect

- Compton effect  pyjeigh
- pairs production

T Photoelectric

\- aomeo 1= effect

Cross section Al aiom)

At high energy the pairs
production dominates

}

) 1
) !
b 1
.-" . iy, _.-
rr 1 e,
r 1 ',-_ T e Y
) | H - e
Y
S Y Compton * : . -
10 rul ."r I i | .
v, |
- {bi Lead (2= 82) -
1
LMl ;’ o —:-:'.'-.'|J|.~|'i|||-:'||l.-|| G .
N -
- : Pairs
1
1
1
1

1]

E .
C production
ompTon g — nl-!:l}'lrlgl

Ei

T 1kk[-

g

g =

#

] = Ky

% .__.-'

Tk . e — T
|_J"'I'UII crnpibom . "'F‘c:‘_ T‘:'
bl 11| L "4
10 eV 1 ke 1 Bl 1 Gl 00 Gl

Phoion Energy
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Electromagnetic Showers

Combining what we have seen on e" and y interaction we can
understand how high energy em particles interact with matter
forming showers

Electron shower in a
cloud chamber with
lead absorbers

September 10 2013 Corso Dottorato 2013 39



Electromagnetic Showers

Simple Model
Assume only Bremsstrahlung and
%é pairs production
¥, ] After a distance t (distance in
T <<é radiation length) there will be N(t)
XY particles each with an average
energy E(t):

o, Boy Bog Eos , _
T T . N(t):2t E(t)/partzcle:EO-Z !
0 1 i 3 b 5 6 7 8 T[XO}

The process stops when E(T)<EC

InE,/E @ E
= S Nyg=2,2=2" 12—
max~ 1 9 total Z;‘) Ec

t

For >t Compton and photoelectric effects dominate

ax
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Electromagnetic Showers

Longitudinal dimension:

dE (1% The shower maximum: £, =In——
dt

The 95% of the shower is in 5, =t +0.08Z +9.6

Transversal dimension:

The spread of the shower is due to the multiple scattering not to the
emission angles of particles. The 95% of the shower is contained within
a distance of about 2R :

_21MeV

R, X, [gr/cm2] Moliere Radius

Example: E =100 GeV in lead glass

8cm
EC:11.8 MeV - Tmax~13, t 23, gl
X~2cm, R =18X~3.6 cm ) g
0 M 0 46 cm
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Hadronic showers

High energy hadrons interact with matter via nuclear interactions

hadron
The products are:
p,n, 1K, ... \ multiplicity O In(E) nucleus fr'agmen‘rs +

/Wn .
@f” p.= 0.35GeV/c secondary particles
e

P
T

At high energy the cross section almost does not depend on the Ein
and in analogy to X we define the interaction length A= A/(N,o, )= A”*

| The shower has the EM and hadronic
22 “— " component.

V“ The longitudinal dimension:

— == ~ lIron: a =94,
—— — T~ ¢ (4,)~0.2In E[GeV ]+0.7 0239
NN W fgs(cm)NaInE+b A =16.7 cm
n K
E =100 GeV

September 10 2013 Corso Dottorato 2013 — 1y, =80 cm 42



Detectors: Fundamental Principles

Detectors used at accelerator are complex devices.
Very little mass

in the beam path.
I ™ !
Charged particle
tracking chambers,
g If it gets through
Il this, it must
Incoming . won!
b be a muon!
Time of flight.
magnetic field
/,,- of curvature, radius
measurment
Vertex detectors:
good spatial
resolution, can Plus coherent
sustain high -~
data rates. radiation
detectors for Calorimetric measurameant
Cerenkov and of electromagnatic

transition radiation. showers.

September 10 2013 Corso Dottorato 2013
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Detector for each particles

Tracking Electromagnetic Hadron huon
chamber calorimeter calorimeter chamber

photons éé

'

ot
S

IMUONS
—_—
+

=P

—

. ~< <

[nnerrmost Layer... P .. .Cutermost Layer
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CMS Detector

IJI 1 | |
il m im
Kay:
Muon
s Electron

Charged Hadron (e.g. Fion)
- = = - Neutral Hadron (e.g. Neutron)
== === Phaoton

Sillcon
Tracker

_ Electromagnetic
illll Calorimeter

Hadron Superconducting
Calorimeter Salendid

Iran return yoke interspersed
Transwerse slice with Muon chambers

through CM3
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5 The Compact Muon Solenoid (Cl

g:rLERCON DUCTING eGRESRIMETERS 1caLpiastic scintilator

~ Crystals Copper
=i ¥ T | sandwich

-' M 1

Total weight : 12,500 t Il

Overall diameter - 15 m
overall length - 21.6m
Magnetic fisld - 4 Tesla

IRON YOKE

silicon Microstrips
Fixels

=
[
-
L
-
u
u
L
L]
]
]
]
L]
L]
| |
"

u
u
Ll
=
]
L]
]
L]
| |
.
w

Drft Tube Fesistive Plate Cathode Strip Chambers (CSC)
Chambers (DT Chambers (RPC) Fesistive Plate Chambers (RPC)
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Jet Energy determination

Jet energy corrections are needed to scale the

measured energy of the jet back to the energy

of the final state particle level jet:

- non-linearity effects and energy loss in the
un-instrumented regions

- multiple

(2
=
(=]
=
3
D
=
(1]
=
ol
(L

. . 2 e e e e e s e e T .| T |. | L |:

Intferactions é 0,082 e ey

7] k = = = Absolute jet energy scale -

. Q Out-of-Cone + Splash-out _

- Under'ly|n9 g 0.00 Relative - 0.2<n|<0.6 ]

Q ) _

1- :g 0.04 o Underlying Event —

underlying even E 0.02 :..i‘" I 5 ]
event @ T, o TmmmmmmmmmmmmmmmmmmmmmmmmmmmmmE 7
- OUT Of Cone E of W':::::::::::::::::::::::::::::::ZZZZZZ]ZZZZZZIIIII::1:1::::::::1:1:::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::::

m [ e .

S 002F T

8§ L .

. e -0.04 — —

Low P1: Dominated by wosE E
MC/data uncertainties osET E
High PT: DominaTed by Calor‘ime.rer‘ ).1;' clao v v b b b b b b T |:
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Neutrino Identification

Not enough material in collider detectors to have neutrino interactions.
Neutrinos are identified via the transverse missing energy:

k=2, E;sin(6,)i,

1 Event

34 mlk 49 gg99 10.pad ZOFHES* 14:31:34 13-Now-02 Bun
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| Met Resolution | Chi2/ ndf = 100.3/ 34
Prob =1.115e-09
12 PO =-0.1109+0.01549

pl = 0.6095+ 0.004244

A (GeV )

i

6 - - -
CDF Run Il Preliminary j Ldt=3.0fb" M|ss|ng Transverse Energy
»5000 Region: DY «data  [Dit > =
: tt  800— -1 March 2002 -
4 1, (160) Oww B 5890 | L~ 10pp March 2002
00001 OWZ [Owsjets | 5700 44
2 ~ Ozz oy 0 - 7+7 | = Data
%5000* []Syst. Uncertainty EGDO? . n (5547 W — e v Candidates)
@ 1] - - \
oo e by b b b v Iy > _ o r
0 CL=0.0% 500
20000+ E \ = QCD Bkg (from Data
0 20 40 60 8 100 120 140 KS CL = 0.0% - W . g ( )
4001 , ]
15000 - o
300
100001 F o v
200+ CDF Run I
3 - Preliminary
5000 100. £ 3
0 T T T T T T T T 0 ’1[’-”-’-J . S P
0 20 40 60 80 100 120 140 160 180 200 20 30 40 50 60 70 80
Met (GeV)
Er [GeV]

SepTember‘ 10 2013 COI'SV volII0I'diIv cvio 48



Particle Identification
TOF at CDF DIRC at Babar

CDF Time-of-Flight : Tevatron store 860 - 12/23/2001

kmematically identified
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Hadron Collider: Trigger

The trigger selects events that are then written o permanent support

(tape).

- The initial rate (many MHz) is reduced to few kHz.

- Usually it is structured in "levels".

- Each level must keep the selected events until the decision is taken.

- The first levels are synchronous, the system time correspond to the
inter-bunch time.

- The last levels are asynchronous running non computer farm.
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Hadron Collider: Trigger

Level "0 Event rate: 10° Hz. Detector channels: 107 - 10°
DAQ is running constantly at 40 MHz. Data flow = 10%® bit/sec

107 sl

10°4

10 4

September 10 2013

Level-1 trigger: coarse selection
of interesting candidate events
within a few us. L1-rigger
output rate = 100 kHz
Implementation: specific
hardware (ASICS, FPGA, DSP)

Level-2 trigger: refinement of
selection criteria within = 1 ms.
L2 output rate: = 1 kHz
Implementation: fast processor
farms.

Level-3 trigger: identification of
the physical process. Writing
data to storage medium.

L3- output rate: 10 - 100 Hz
Event size: = 1 Mbyte,
Implementation: fast processor
farms.
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Atlas Level 1

September 10 2013

Hadron Collider: Trigger

[- Calorimeters ]

{H.l-n-rl Dﬂtﬂ-l:tm]
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Processor

Sublrigger
information "

AMuon
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Timing, Trigger and
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Front-End Systems
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Hadron Collider: HLT t Trigger @CMS

Regional Tracking: Look only in Jet-track matching cone
Conditional Tracking: Stop track as soon as:

If Pt<1 GeV with high C.L. L“'"”ie‘a’"s
r

R@J@CT event if no "leading track found” signal cone R ¢
(jet is not charged) 1 .

| g
Regional Tracking: Look only inside Isolatiol 2
Conditional Tracking: Stop track as soon as == TE =, o
If P+<1 GeV with high C.L. W E S

Z f‘“

Reject event as soon as additional track b "o
found (jet is not isolated) — Vo

Fast enough at low luminosity for full L1 rate; at high luminosity
may need a moderate Calorimeter pre-selection factor to reduce
rate
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September 10 2013

Ready for the Physics!
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