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Particle detection Principle

In order to detect a particle

- It must interact with the material of the detector
- transfer energy in some recognizable fashion

.e. The detection of particles happens via their
energy loss in the material it traverses ...

Energy loss

T . by multiple reactions
Possibilities:
Charged particles lonization, Brerjwssl"[rah"lung, Cherenkov ...
Hadrons Nuclear interactions
Photons Photo/Compton effect, pa|r produchon
Neutrinos Weak interactions

Total enerqy loss
via single interaction

- charged particles



Particle Interactions: Examples

lonization:

Charged
Particle

Electron

Atom

Palir
production:
Positron
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scattering:

Electron

Elactron

Electron



Energy Lass by lonisation : Bethe-Bloch Formula

e
Particle with charge ze and velocity v moves ;;" _______ o Tl}b
through a medium with electron density n. ! vV I
I |
M.ze :
Electrons considered free and initially at rest. H L\ ;j
e e e

Interaction of a heavy charged particle
with an electron of an atom inside medium.

Momentum transfer:

Symmetry!
dt dr
Ap| = [Fj_tﬂ.' = /Flf—dx = /Fl— Ap) : averages to zero
axr 'l
B /x ze? _ b _ 1 dr — ze2b T :-; _ 2262
— ] {,_I:i — :I;E} IIE L bi U o — T tIJ,E., .-"J.:'E 1 tIJE . o b



Bathe-Block: - Classical derivation

Energy transfer onto single electron
for impact parameter b:

A=

2
AE(®b) = 2P

- 2m,

Cylindric barrel
with Nz electrons

Consider cylindric barrel > Ne = n-(2mb)-dbdx

Energy loss per path length dx for
distance between b and b+db in medium with electron density n:

Energy loss!

_ Ap? ‘ 42264 dmn z*e* db
—dE(b) = T - 2mnbdbdr = . 2mnbdbdxr = F?di‘

Diverges for b > O; integration only
for relevant range [Dmin, Dmax]:

= : In
b mev 2 tI-}min

.- dE A n z2e? bmax gp, _Admn 22t brax
Bohr 1913 dx Met? ;

min



Bethe-Bloch Formula

_ E — Kzzg .12 ‘lln QTHIECQ’B?QITHIM — ,-'32 — °(57)
A3 |2 1 2

[-p]

'densiw

K =4mnNarefmec? = 0.307 MeV g cm? Na = 6.022-10%°

Tmax = 2MeC?B2Y?/(1 + 2y Mme/M + (Me/M)?) Avogardo's numoer)

_ a2 2 _
[Max. energy transfer in single collision] e = €7/4meomeC” = 2.8 fm
[Classical electron radius]

Me = H11 keV

z Charge of incident particle [Electron mass]
M Mass of incident particle B = v/C
[Velocity]
/ Charge number of medium B 2\-2
. o . y = (1-p%)
omic mass of medium [Lorentz factor] o
Validity:
I ; Mearj excitatiorj energy of medium o 05 < By < 500
o Density correction [transv. extension of electric field] M > my



~dE/dx (MeV g lem?)

Enerqgy loss of pions in Cu

50.0 _711"1‘":1"..! T'l'ITITl'[ =TT ...1.1 T ""'l L """l
?ﬁ-‘\\\dg,rdx o 073 nf on Cu
20.0L 1 dE | dx o B—E I =322eV
\ Radiative effects
10.0— become important
Approx T .«
501 100 x dE | dx without &
—100X 1\ Minimum .
shell = “\ johization e
2.0 _correct.1 ) = S
2)//‘/%& Tcut = 05 ME
1.0 - =B B ?*’3 ' Complete dE /dx :
05 Lol vidal oLl il ol
0.1 1.0 10 100 1000

10000

Minimum ionising Particles:
By = 3-4

dE/dx falls : [~

dE/dX rises: In(By)? Relativistic rise

Saturation at large By due to
Density effect ( correction O)



Understanding Bethe-Bloch

100 % |

:a‘::l_nzsrﬂ]t",k\.\.,...I e B ERBna e
. - VDN UE [dx o 3 2t on Cu :
1/|32_depeﬂdeﬂce. 20.0! ?\dm;xfﬁhﬁ I=322eV]

Remember: \ Radiative effects

dil' 10.0 - become important "““

ﬂpJ_ = Fj_dt = /Fl— Approx Tinayx E

: . v dE | dx without & .

Minimurmn e

"shell - °\ {5 hization e B

20} correct.

.e. slower particles feel electric force of
atomic electron for longer time ...

~dE /dx (MeV g 'em?)
on
L]

Tout = 0.5 Mev

EL

(=4 _2 -
1.0 3 Bw ﬁ"?‘fa Complete dE /dx .
| . | . . :l:“l-lj L JJJI.Ilul. ! J.J.J.H.Jl.l - llnnl Lol |.|||||| L4 piwsd
Relativistic rise for By > 4: T T B i
By = p/Mc

High energy particle: transversal electric field increases
due to Lorentz transform; E, = yEy. Thus interaction cross section increases ...

fast moving
particle particle
t rest .
. < Corrections:
Y groab low energy : shell corrections

high energy : density corrections



Understanding Bethe-Bloch

Density correction:

Polarization effect ...
[density dependent]

=>  Shielding of electrical field far from
particle path; effectively cuts of the

~dE/dx (MeV g~ lem?)
on
=

long range contribution ... 2.0 peorrect. | ) i
T =
. —0 o
More relevant at high y ... 10 |- =B g =
[Increased range of electric field; larger bmax; ...] r | ”-1 : 1 | | ]
015 T L1 aaakul a il paaas Lol a4l Lol L 13k11 L4 i iesi

i et 0.1 1.0 10 100 1000

For high energies: By = p/Me

§5/2 — In(hw/I) +InpBy —1/2

Shell correction:

Arises if particle velocity is close to orbital
velocity of electrons, i.e. Bc ~ ve.

(100 % | )
rshell ==y

?.?T\"U:Efd.x o B0/3 nt on Cu
'}\“dE,n"dxncB"E I=322eV

Radiative effects
become important

Approx Tiax
dE /dx without &

lonization

Minimum R

Assumption that electron is at rest breaks down ...

Capture process is possible ...

Density effect leads to

saturation at high energy ...

Shell correction are
in general small ...



dE/dx Fluctuations

Bethe-Block describe the mean energy loss. ; measurement via
energy loss AE in a material with thickness AX with

A AE =YN_. S§E_N=no. of collisions, §E is the energy loss in a single collision

rel. probability

lonisation loss JZ’is statistically
Distributed.
lonization by close collisions

e production of &-electrons So called

{E; P2 Energy loss “straggling

£ , 52

6§45 i§o It is a complicated problem-

| E‘% 2 g % e.g. thin absorbers gives
a3} 4 53 _ Landau distribution.

energy transfer dk&



dE/dX Fluctuations — Landau Distribution

A/x (MeV g~!em?)
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Particle Energy Deposit:

By > 3.5:
B\ _ dE
de /|~ dux
By < 3.5:

dE\ _ dE
de / = dx

min

min

Applications:
Tumor therapy

Possibility to precisely deposit dose
at well defined depth by Egeam variation

Tad

relative dose

[

depth in water [cm]

12C_ions
= 250 MeV/u -
300 MeV/u-
18 MeV
Ehmuns
T
AN e T
HAY e
HEAN
A
f
0




Energy loss by electrons

Bethe-Bloch formula needs modifications

Incident and target electrons have same mass
Scattering of identical indistinguishable particles

dE Z l me 32 c*~y2T

[T: Kinetic energy of electron]

Different energy loss for electrons and positrons at low energy as positrons are not
Identical as electrons. Need different treatment



Bremsstrahlung

Bremsstrahlung arises if particles
are accelerated in Coulomb field of nucleus

2

dF 2272 1 e

E

2
( ) Eln18-3.

A Z%
.e. energy loss proportional to 1/m? = main

dx A

dmen me?

Consider electrons:

dE 72 183
E — 4&4‘T\'FA ETE . E 111 %
dE - A
— ith Xo =
dr ~ Xg " 0T QaN, 722 In 158

Z3
[Radiation length in g/cm?]

X
m?2

relevance for electrons ...
... or ultra-relativistic muons

> [ = Fge /o

After passage of one Xo electron has
lost all but (1/e)" of its energy

[i.e. 63%]




Bremsstrahlung- Critical Energy

Critical energy:

dE dE
= (Ee) = ——(Ee)
- Brems L Ion 200 1
Approximation: 100
) 2 70
pCas 710 MeV &
c T 7 1inao £ 50
Z +0.92 < 40
ESGVUQ _ 610 MeV é 30
‘ Z 4124 .
Example Copper: 10

Fc = 610/30 MeV = 20 MeV

()
dz /1oy

dFE n dFE
dx Ion dx

| T T 11 |IIII|IIII|IIII|IIII|IIII|IIII|Im|

Copper
Xp=12.86 gem—2
E.=19.63 McV

Rossi:
lonization per X,
= clectron energy

Illlll// ] ] [

lonization

Brems = ionization

11 | | 1 11 |IIII|IIII|IIII|IIII|IIII|IIII|I|,|]|

[~

5 10 20 50
Elcctron encrgy (McV)

100

200



Total Energy loss

from
PDG 2010

).5—

of Electrons:

T TTTTT] T T TITTT] T T 1111}
B " : —0.20
\ Positrons
— \ Lecad (Z=82) .
i v -
10 Electrons
= \ —0.15 ~
Maller o | Bremsstrahlung | "
o o L:J_JH i | P:jE
oiltw — \ m .
, —0.10
—||L'J B lonization -
~ _ 0.5 Moaller (¢7) i
g g L
- Bhabha (¢¥) —0.05
e* e —
"":Pmitl'un
_emm;hilzlttilmll 0 __
e ()X ==
- Y Pl 10 100 1000
BEhabha
g Y

Annihilation

E (McV)

Fractional energy loss per radiation length in lead
as a function of electron or positron energy



Total Energy Lass - Muons
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Cherenkov Radiation:

* The fast time dependent change of the polarisation
of the medium can create observable Coherent effects ---
Cherenkov radiation

* Forv<c/n fast reduction of induced field in the medium

[ ] : . .
For v >c/n propagation of EM wave in possible PRI . S
and observed and depolarization

L~

— |
I
cosf,. = (c/n)-Al = 1 I/h.gm:(c;--’n)-m:
Pe-At  pn !
—/ VA —

: . 1
cosd.. is areal number for f>—
n



Cherenkov Radiation in various media

Emission angle 6, relative to direction of velocity
depends only on particle velocity .

1 :
threshold: 3, ., =— = openingcone: 6, =0°
H

: 1
max.openingcone: f=1 = arccosf, =—
Iy

liquids and solids gases
= 60 n=2.0 = 3 n=1,00131
50 o 15 2.5 [
©
. s E
Q
()] ) are O NOZ29R
§ Q\Q}+ 1.4 i
< 1 F
Re) -
3 05 [
& F
Lu u IR AN AT I Ll 0 L 1 1
0.5 0.6 0. TU.B 0.9 1 0.9985 0.999 0.9995 1
velocity B B

" Corresponds to electron energies ~ 260 keV-> reactor




Cherenkov Radiation - Properties

Number of emitted photons from @
per unit length:

d*N Q?rm:zz( 1 ) Imraz?

ddr ~— N2 -~ B2n2(\)

Integrate over sensitivity range:  dN fm' mme PN
350 nm

[for typical Photomultiplier] dx dA d\dzx

— 475 z? sin? A¢ photons/cm

d°N 2%« | 1 22, 0
= ———— | = —sin“ g
dEdx  he 3?n?(\) he
!
~ const

For single charged
particle:

d*N . 92 -1 -1

T 370 sin“ O eV~ " em )



Cherenkov Radiation- Application

Threshold detection:
Observation of Cherenkov radiation >~ B > Binr

C+ Co

> .

[momentum P] N1 N2 > N1

K p

Choose n1, Nz in such a way that for:

No Br, Px > 1/n2and Bp < 1/n2
Nt : Br > 1/n1 and Bk, Bp < 1/n4

Light in G+ and Co - identified pion
Light in C2 and not in Cq -> identified kaon
Light neither in C1 and C» -> identified proton




Cherenkov Radiation: Application

Measurement of Cherenkov angle:

Use medium with known refractive index n > B PN

—detectors
Principle of: AN
RICH (Ring Imaging Cherenkov Counter) aerogel i<l | 250 mrad
DIRC (Detection of Internally Reflected Cherenkov Light) N - M spherical
DISC (special DIRC; e.g. Panda) . . 7 __—"mirror
5 = CaF10 ___beam pipe
LHCb RICH Event g )
[December 2009} VELO exit window ‘,‘ |
plane™
mirror

LHCb RICH



Cherenkov Ring : Super-Kamiokande

Super-Kamiokande
Run 3003 Event 287420
$6-10-20110,58,43

Tonary 3004 hite, 4749 g4
Outer: 3 hits, 1 pE (in-time)

i A
Ln s e e

Super-Kamiokande

Run 3011 Event 201095
9641024107 48111

s 230 8
Ovtars © hts, © pE (in-tine)
Trigper 10/ Ox0)

D wally $13.7 o=

< maclide, p e 4464 WeV/o

Iroars 011

Time(ns)
. «m

Times (ns)



Transition Radiation Detector

transition
radiation

Transition radiation occurs if a relativistic ~Y
. N W
Particle (large y) passes the boundary between

two media of different refraction indices. ) )

This effect can be explained due to

rearrangement of electric fields. ‘ ,v~‘7

Detection Principle: y-Absorption
[Electron-ID]
R o T
[ R I S T S —1 = ® | Electron
_ *-—o o O o
o
dE/dx |
Radiator foils | Wires
|




o o
— o N
o ) 3

O
e

High threshold probability

0.05

Transition Radiation: ATLAS Example

_I [ I I T T TTI | I I T T TTT | I I T T TTI | I ]
= ATLAS Preliminary ' &t ]
B ’{_:: T 'i.':_:j__ |
-« Electron candidates ! £ ’{ { -
- =  Generic tracks }’ .
o Electrons (MC) ; . —
B : ectrons il
_ = Generic tracks (MC) p & from Conversions
_ Mainly Pions o i
. RRaaas wﬁﬂiﬁ ------- ’ B
- TRT endcap 1
_I 11 | | L 1 1111 | | | L 1 1 111 | | | L 1 1111 | | ]
10 10?2 y-factor 1¢° 10
1 10 1 10

Pion momentum (GeV) Electron momentum (GeV)



Interactions of photons with matter

Photons are far more penetrating than charged particles of similar
energy.

Photon interact with matter through the following processes:
— Photoelectric effect.
— Compton effect.
— Pair production
Interaction Probability:
— linear attenuation coefficient, u
The probability of an interaction per unit distance traveled
Dimensions of inverse length (eg. cm-1)
N =N, e
— The coefficient u depends on photon energy and on the material
being traversed.
mass attenuation coefficient : u/p
The probability of an interaction per g cm™ of material traversed.
Units of cm? g1



Interactions of photons with matter

FPhoton Total Cross Sections

,fg | IR — S
Carbon (Z = 6)

L o
0 -
1Mb |- N -.%ﬁ’ & =
IMbF ¥ ‘f@.
pe

F’hoto effect

1kb

Cross section (barns/atom)
Cross section (barns/atom)

Rayleigh ¢ |

. production

Pair -

scattering - OCompton
i . [ — |
L . GCompton k RN J:.
10 mb o0k N T B 10 mb A R N
10 eV 1 keV 1 MeV % 1GeV 100 GeV 10eV  ; lkeV 1 MeV 1GeV 100 GeV

Photon Energy . i Photon Energy

Pair Production ;
Compton scattering



Compton Scattering

Scattered photon Maximum energy transfer

E = hv'; momentum, p = hv'c
2a

EE‘I’HEKZEI-
max) = My L og

Incoming photon

E = hu; momentum, p = hulc 8 = photon scattering angle

and

L J

¢ = electron scattering angle

o= hy
Recoil electron h} — 14+ 2¢r

momentum, p =q;

1
l+a(l—cosf)

hv'=hv

*
T

Compton edge

for different photon energiss

Cross Section
[ 3

=]

a(l —cosB) I
E.=hv st

l+a(l—cosf) | J
hv 0.“_-0.5 o 15 "/]

20 25

where o= Te [MeV]

2
m,c



Photon Interactions: Pair Production

Electron

Energy threshold:
Photon /?
—_—

Ey = 2mec?(1+me/mnp) \?‘
L Positron
Kinetic energy

2 ¥ electron mass transferred to nucleus Nucleus

Cross Section: ‘ a y+atom > e*+e I

Rises above threshold, but reaches saturation for
largse Ey [scresning seffect] ...

Positron

For Ey » mec?:

s o (7. 183 1
Opair = 4Z° ar (— In — — _)

=

9 7z 54
0 o T . 183
=427 ar (—lrl —,)
9 73 Nucleus

[alzo electron] Elactron



Scintillators:

Principle:

dE/dx converted into visible light

Detection via photosensor
[e.g. photomultiplier, human eye ...]

Main Features:
Sensitivity to energy

- Plastic Scintillator
Fast time response N e BCA12

Pulse shape discrimination

Requirements

High efficiency for conversion of excitation energy to fluorescent radiation
Transparency to its fluorescent radiation to allow transmission of light
Emission of light in a spectral range detectable for photosensors

Short decay time to allow fast response



Scintillators: Basic setup

Thin window Mu Metal Shield

Iron Protective Shield

PEITT 7T Tr 7T T T T T T T T T T 7777,

> | [ Photomuttiplier
[or ather photosensor]
I
S

Scintillator
Scintillator Types:
Photosensors Organic Scintillators
o Inorganic Crystals
Photomultipliers Gases

Micro-Channel Plates
Hybrid Photo Diodes

Visible Light Photon Counter
Silicon Photomuiltipliers

i — —— ——— {—— -

|

l

|

| PMT Base
: [voltage divider network etc ]
|
|
L

o o

\L Output
Signal

PMT Pulse |
'II v
! ".,\
/
. "
.- N
Jd ““‘-"-'---\_,\_._L
R T
0 5 10 Time [ng]



Scintillation Mechanism in Inorganic crystals:

conduction band

Materials: O

| < electron I
. C exciton ‘T‘ '
Sodium iodide (Nal) band l ______________ Ol _________
Cesium iodide (Csl)
O N
Barium fluoride (BaFz) impurities o 2 TV traps
[activation centers] V= e
| e 8
’,J—"r | s 9
' ¥ D
Mechanism: L +|
o o scintillation ; v
Energy deposition by ionization [luminescence] . hole
Energy transfer to impurities valence band

Radiation of scintillation photons Energy bands in

impurity activated crystal
Time constants: showing excitation, luminescence,

quenching and trapping

Fast: recombination from activation centers [ns ... pg]
Slow: recombination due to trapping [Ms ... §]



Inorganic crystals:

Example CMS

Electromagnetic Calorimeter

One of the last
CMS end-cap crystals




Application: CMS EM Calorimeter

Scintillator : PBWOa4 [Lead Tungsten]
Photosensor : APDS [Avalanche Photodiodes]

Number of crystals: ~ 70000
Light output: 4.5 photons/MeV

\

| N ) [ I S S |

ECAL (EE)




Light output & PMT Sensitivity

PMT spectral sensitivity (Rel. units)

S

(&)

o

Spectral sensitivity

= : S-0 Response
Bialkali
PMT © ’/PMT
A BGO
- il
-
Csl (TI) 7
\ Csl (Na)
/ / .
Nal (Tt)
1 1 1 1
300 400 500 600

Wavelength [nm)]

100

@
o

o))
o

&
o

N
o

o

Spectral sensitivity (Rel. units)



Inorganic Scintillators - Properties

Sortar | ety | fecio | Waskrgh o | Deeor 10| rgonae
Nal 3.7 1.78 303 0.06 8-104
Nal(T1) 3.7 1.85 410 0.25 4-104
CslI(T]) 4.5 1.80 065 1.0 1.1-104
BizGesO1s 7.1 2.15 480 0.30 2.8-10°
CsF 4.1 1.48 390 0.003 2-10°
LSO 7.4 1.82 420 0.04 1.4-104
PbWO, 8.3 1.82 420 0.006 2-1072
L He 0.1 1.02 390 0.01/1.6 2-1072
L Ar 1.4 1.297 150 0.005/0.86 4-104
| Xe 3.1 1.60° 150 0.003/0.02 4-104

L4 -1l TN - -




Organic Scintillators:

. - Absorption .
Molecular states: 40\ e I
- . ]
- J*—H——_ T 1
Singlet states S | B P ||
Triplet states | degradation ——— T
] '
T ———— ||
o it X
Fluorescence in _
U\/ range fluoresecence
- 320 5o : 7;... — triplet states
singlet states
wp usage of
Fluorescence . S1 > So <108 ]

wavelength shifters
J Phosphorescence : To = So[>10%5]



Plastic & Liquid scintillators:

A

. Primary fluorescent B
Energy deposit in base - Good light vield ...
material > excitation - Absorption spectrum

matched to excited

states in base Secondary C

fluorescent

material ...
Solvent Wave length
s T shifter
P l ) Primary Fluor
| v S1A Secondary
| g Fluor
j W 1B

Excitations \/\/\/&i"/l/ | ' A4 Sqc
> M YC
>
\E >

Soa \ . 4

Sos Soc



Wavelength shifting:

Principle:

Absorption of
primary scintillation light

Re-emission at
longer wavelength

Adapts light to spectral
sensitivity of photosensor

Requirement:

Good transparency
for emitted light

emissions

absorptions

Schematics of
wavelength shifting principle

Prim Second
Polystyrene ﬂug:'y ﬂumfary Final fluor

wavelength (nm)



Properties of Organic Scintillator:

Scmhllez_utor Densfrﬁy Refractive Wauelength [nm] Decay time Photons/MeV
material [g/cm?] Index for max. emission constant [ns]

Naphtalene 1.15 1.58 348 11 4-108

Antracene 1.25 1.59 448 30 4-104

p-Terphenyl 1.23 1.65 391 6-12 1.2-10°
NE102* 1.03 1.58 425 2.5 2.5-104
NE104* 1.03 1.58 405 1.8 2.4-104
NE110* 1.03 1.58 437 3.3 2.4-104
NE111* 1.03 1.58 370 1.7 2.3-104
BC400*" 1.03 1.58 423 2.4 2.5-102
BC428*" 1.03 1.58 480 12.5 2.2-104
BC443** 1.05 1.58 425 2.2 2.4-10%

" Nuclear Enterprises, U.K.
** Bicron Corporation, USA




Inorganic vs. Organic Scintillator

Inorganic Scintillators

Advantages

Disadvantages

Organic Scintillators

Advantages

Disadvantages

high light vield [typical; &sc = 0.13]
high density [e.g. PBWOs.: 8.3 g/cm?]
good energy resolution

complicated crystal growth
large temperature dependence Expensive

very fast

easily shaped

small temperature dependence
pulse shape discrimination possible

lower light yield [typical; gsc = 0.03]
radiation damage Cheap



Transferring light from scintillator to photo detectors:

Scintillator light to be
guided to photosensor

. . Scintillator PMT
> Light guide

[Plexiglas; optical fibers]

. Light quide
Light transfer by
total internal reflection
[maybe combined with wawvelength shifting] Light guide

PMm
[ |__--_-_-_
__-—_____——-__

fish tail’



Photon Detection:

Purpose : Convert light into a detectable electronic signal
Principle : Use photo-electric effect to convert photons to
photo-electrons (p.e.)

Requirement :

High Photon Detection Efficiency (PDE) or
Quantum Efficiency; Q.E. = Np.e./Nphotons

Available devices [examples:

Photomultipliers [pmr] HybridPhoto Diodes [HPD]
Micro Channel Plates [mcr Visible Light Photon Counters [vLpPg)
Photo Diodes [pD] Silicon Photomultipliers [sipwv



Photomultipliers R ¢

Electron optical
input system T

.

~ " Focusing _ 4
Principle: slechrork | g
Electron emission = |
from photo cathode First dynode — L == 1]

A NS N A\

Secondary emission
from dynodes; dynode gain: 3-50 [f(E)]

% o
)l

Multiplier ——_____ |,

|
VeiVe
A

Typical PMT Gain: > 10°

[PMT can see single photons ...] f

o Ve
A,

&;\

Anode-

PMT
Collection




PMT Dynode gain:

Electron

Dynodes

Anode

R R

Us

Multiplication process:

Electrons accelerated toward dynode

Further electrons produced > avalanche

Secondary emission coefficient:
O = #(e~ produced)/#(e” incoming)

Voltage divider E—

Typical: 8=2-10 ] G = 106 108

NnN=8-15



Micro Channel Plate:

2D Photomultiplier”

Gain: 5-10%
Fast signal [time spread ~ 50 ps]
B-Field tolerant [up to 0.1T]

But: limited life time/rate capability
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Use of Scintillators:

 Time of flight detector

 Energy measurement ( Calorimeter)
* Hodoscopes ( Fiber trackers)

* Trigger system




