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Scintillators

200 kg 4-segment Nal(Tl) detector

Large Nal(Tl) detector Plastic scintillator hodoscope

Measure:
passage (and energy deposit)
of charged particles
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Photographic emulsions

Example: the OPERA
neutrino detector
at LNGS

Measure:
integrated tracks of
charged particles




Thousands of wires
Simple, cheap,

limited resolution,

can be triggered, fragile

Georges Charpak
(1924-2010)

Measure:
tracks of charged
particles at given time

—
>
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Drift chamber

Exploit the calibrated drift time
to obtain a better position resolution

Measure: tracks of charged particles = P
BaB LA
KLOE (Frascati) aBar (SLAC)
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Time projection chamber

Example: STAR experiment at Brookhaven
National Laboratory (USA)

Diameter and length about 4m

138000 pads, read by digitizers

to measure dE/dx and perform tracking
70M volume elements

Measure: tracks of
charged particles

Au+Au nuclei
collision
(100 GeV+100 GeV)
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Cerenkov effect

Tomugh © ]

Wave fronts forv<c/n

Wave fronts for v=c/n

I
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{a) : -

¥ Pavel A. Cherenkov
(1904-1990)

_ ,— Surface of Mach cone

(b}

Wa\)e fronts forv>c/n
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Cerenkov detectors

Upper Electronics Bay

Upper
Bulkhead

Toroidal
Mirror

-— o - —

Primary
Mirrors

Measure:
velocity of
charged
particle

Secondary
Mirrors

Photomultiplier
Tubes

Lower
Bulkhead

Lower Electronics Bay
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Ring-Imaging Cerenkov
detectors (RICH)

Measure:
velocity and direction
of charged particles

4

Example: SuperKamiokande detectorin Japan
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Semiconductor detectors

Cruter Chip _,.f"/- *j{, =
Measure: passage of ; 2 5
| F— charged particle with hne CE Vi
/4/7%’722 < 0O(100 pm) resolution Qu o

A: thin metal electrode (gold)
P: thin semiconducting p layer
D: depletion layer (3-10 mm)
N: semiconducting n layer

B: thin metal electrode
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M icrove rtex detecto rs BaBar Silicon Vertex Tracker

Arrays of semiconductor strips or pixels

DELPHI
26024 f 1{130 — :
J.,/: 7 4 '
I/ |_Primary
| | ; Vertex
//
DELFPHI | _
26024 / 1730
_E)rimary
__—— Vertex
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Particle detectors

Resolution Dead

Detector Type Accuracy (rms) Time Time

Bubble chamber 10-150 pm I ms 50 ms“
Streamer chamber 300 pm 2 s 100 ms
Proportional chamber 50-300 ,u111£’=c=d 2 ns 200 ns
Dritt chamber 50-300 pm 2 ns° 100 ns

Scintillator

Emulsion

Liquid Argon Drift [Ref. 6]
Gas Micro Strip [Ref. 7]

Resistive Plate chamber [Ref. §]

Silicon strip

Silicon pixel

— 100 ps/nf 10 ns
L pm e —
~175-450 pm ~ 200 ns ~ 2 ps

30-40 pm < 10 ns —
<10 pm 1-2 ns —
pitch/(3 to 7)9 h h
2 pum h h
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Electromagnetic showers

Cascade process of Y, e*, e~

inside (preferably large-Z)
material
e*, e can be measured

collectively by previous methods

Measure: energy
of electrons or photons

Energy deposit per X (%)

0.1+

0.01L

Longitudinal energy deposit

Bruno B. Rossi
(1905-1993)
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Sampling calorimeters

Measure e*, e~ at different
depths of the shower
to estimate the total energy

Scintillators as active layer;
signal readout via photo multipliers

Absaorber Scintillator

Light guide

F’h_ota detector

Charge amplifier

Absorber as
electrodes

HV

Active medium: LAr; absorber
embedded in liquid serve as electrods

Scintillator

Scintillators as active (blue light)
layer; wave length shifter e,
to convert light

lonization chambers
between absorber
plates

Analogue
~ signal

© Schultz
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Particle identification (PID)

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter chamber

Innermost Layer... P» ...Outermost Layer

Or simultaneous measurement of two cinematic quantities among
Energy, Momentum, Velocity > Mass
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Lepton accelerators

MAMI
ALBA

ELSA
CEBAF
SLAC Linac

Mainz

(D) 1975-

Catalunya (E) 2011-

Bonn (D) 1987-
TINAF 1995-
SLAC 1966-

1.5 GeV 0.1 mA (150 kW)
3 GeV

3.5 GeV

12 GeV 0.2 mA (1 MW)
50 GeV

Beam power(W) = E(eV) X I(A)

Beam power(W) = 1.6 X E(GeV) x I(101%s™1)

M.Sozzi - Fundamental Interactions - Universita di Pisa



Hadron accelerators

ELENA CERN 2016- p 0.1 MeV 1.8-107p

PS CERN 1959- D 26 GeV 1-10"3 p/s (42 kW)
U-70 IHEP 1967- D 76 GeV 1.9-10"2p/s (22 kW)
SPS CERN 1976- p,A 450GeV  4-10"2p/s (290 kW)
Ml FNAL 1995- P 120GeV  1.9-10'3 p/s (380 kW)
Main FNAL 1983-2011 p 980 GeV 2-10"3 p/s (3.2 MW)
Ring+MI

AGS BNL 1960- p,A 33 GeV 7-10"3 p/s (370 kW)
Main Ring J-PARC 2009- P 30 GeV 1-10" p/s (500 kW)
ISIS RAL (UK) 1984- P 800MeV  1.2-1078p/s (180 kW)
HIPA PS 1974- P 590MeV  1.4-10%p/s (1.3

MW)

M.Sozzi - Fundamental Interactions - Universita di Pisa



Particle colliders (1)

VEFP-2000 VEPP-4M BEPC BEFPC-II DASNE
( Movosibirsk) | (Novosibirsk) (China) { China) { Frascati)
Physics start date 2010 1964 1084 2008 1995
Fhysics end date 2005
Maximum beam energy (GeV) 1.0 6 2.5 1.89 (2.35 max) 0.510
T —m = 4.7 in 2001-2007
g “i“" _H_:_ng.m ed TIHIhostty 0.25 0.05 0.11 24.6 == 2.7 w/erab-waist
HETSEDh. ) ) ~ 1.8 since Nov 2014
- v : . LI 5 at _"' T : A7
Luminosity (1079 em—2s—1) 50 20 L,'h Bl 1,‘:: 5 G ,.L"r 1000 453
b at 1.65 GeV
Energy spread (umnits 10—%) 0.71 1 0.58 at 2.2 GeV 0.52 (.40
CESR CESR-C LEP SLC
(Cornell) (Cornell) (CERN) (SLAC)
Physics start date 1979 2002 1959 1959
Physics end date 2002 2008 2000 1908
Maximum beam energy (GeV) 6 G 100 - 104.6 50
5 T T 0.221 at Z peak
D:: ':f“i;::;ii’rgf,})“mm”‘““" 1.5 2.0 0.501 at 65 — 100 GeV 0.022
PRESRpRIE 0.275 at >100 GeV
. — 1280 at 76 at 24 at Z peak
o eite 130 e | 0.
Tepeiponity (10" o =s <) 5.3 GeV 2.08 GeV 100 at > 90 GeV 0
Energy spread (units 107%) 0.6 at 5.3 GeV 0.82 at 2.08 GeV 0.7—1.5 1.2
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Particle colliders (2)

KEKB PEP-II SuperKEKB
(KEK) (SLAC) (KEK)
Physies start date 19949 19949 2018
Physics end date 2010 2008
Fbisctenmn. Basin s (G e~ : 8.33 (5.0 nominal] e~: 7-12 (9.0 nominal) e 7
Mas VO ENereEy : B! Sy . : 1. " . . \
BY A / et: 3.64 (3.5 nominal) c7: 2.5-4 (3.1 nominal) £ d
De*liv{.‘rml.in’r;:r]:_f,rn ted hmminosity 1040 BE7 10.57
per exp. (fh™)
T 35 i 12069 .
Luminosity (10% em—3s—1) 21083 (design: 3000) 1.88 x 104
Energy spread (units 107%) 0.7 e /et: 0.61/0.77 e Jet: 0.64/0.81
HERA TEVATRON*® RHIC LHC
(DESY) ( Fermilah} Brookhaven (CERN)
Physics start date 1992 1987 2001 2009 2015 |2026 (HL-LHC)
Phy=ics end date 2007 2011
Particles collided e oy pp (polarized) PP
Maximum beam e: (1.030 - 0.255 5 o
= J : } |
energy (TeV) p: 0.92 e 55% polarization 0 68 tH
W g N - PAp— Lt AT o B - R T ‘:I 5o . ¥
f'vLLL_. ei(:ln:r(.rl mi:.s_,m'rqui 0.8 19 Ifi..:‘lﬂ HE IIEH} E]t"l.f ) _:5..i d.[-l.;” Tr_‘:- 160 250y
luminesity per exp. (fb™ ") 1.3 at 250/255 GeV| 6.1 at 3.5 TeV !
Luminosity 245 (pk) % 5.0 x 107
; 5 75 : R 7.7 10° 2.1 %10 ; |
(10°% em—35 1) i s 160 (avg) LFX Y LA10 (leveled)
_ e e: 0.91 = &
Energy spread (units 107} pr 0.2 0.14 .15 D.1445 0.105 0.129
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Particle colliders (3)
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