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Calorimeters: example (suite)
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Calorimeters in space: FERMI/LAT

U Fermi Satellite with LargeeaTelescope (LAT) instrument.
U GammeRay Telescope
A (200 MeV g< 300 GeV)
U Launched June 11 2008
U Consists of:
A TrackerPbfoils + Sitrips
A Calorimetesde next slide
A Anticoincidence Detector : plastic scitil@$ator

NASA’s Fermi telescope reveals best-ever view of the gamma-ray sky

Credit: NASA/DOE/Fermi LAT Collaboration




Calorimeters in space: FERMI ECAL

Homogenous calorimeter made fro@s[T28scintillating crysta's

11 incoming gamma ray

[ U 18 modules (400mmx400mmx250mm) ~100 kg each

U 1 module:
A carboriberalveolastructure +
A 96Cs[T)crystals(2.7 cm x 2.0 cm x 32.6 cm)
A arrangeih 8layerf 1xrystalgach
U Eachmodulaligne®C wrtitsneighbots
forming,y(hodoscopiarray

U Depth 8.6 ¥(10.1 including tracker)
Y Need shower leakage correction

P8R2_SOURCE_ V6 acc. weighted energy resolution 68% containment
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Calorimeters in space: A3

U Alpha Magnetic Spectrometer (AMS):

A HERIlike detector operating as external modlﬂﬁlzes

A Launched in 2011 3

;15

U Search for Dark Mattersraatter, precise study =,

X

of high energy cosmic ray (flux, composition), =

5

gamma rays.
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AMS: A TeV precision, multipurpose, magnetic spectrometer

Transition Radiation Detector

(TRD) Time of Flight
Identify e*, e (EOE)

e —

Silicon Tracker
Z, PorR=P/Z

—

Ring Imaging Cherenkov
: . (RICH)
Electromagnetic Calorimeter E

(ECAL)
E of e*, e

Z and P, EAor R are
measured independently by Tracker,
ECAL, TOF and RICH




The AM®2 ECAL

Sampling calorimeter made from Lead + Scintillating fibers

3-D imaging of shower development ECAL support structure
A 9 SupeLayers (SL) alternatively oriented
along X and Y axis (5 SL along X, 4 long Y)
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1 SupeLayer (~18.5mm):
A 11 groove®bfoils (1mm thick) interleaved
with 10 layers of scintillating fibers (@~1mm)
glued by epoxgsin
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Exercises (suite)




Useful Formulas (EM showers) [1]

Radiation Length:

Radiation Length for composite materia:]L = a _J

Moliere Radius:

(g.cni¥)

w: fraction of material |
X: radiation length of mater
(in g.cA2)

Moliere Radius for composite materigq—— = a )

Energy Resolution:

Ry Ru

% o 180A
72
W.
X, & X,
21IMeV
Ry = e Xo
C
1 . W

S -
E

- > ANAc

JE E

w: fraction of material |
Ry Moliere Radia$ material
(in g.cn2)

A : quadratic sum
S: Stochastic
N: noise
C: constant
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Useful Formulas (EM showéd?3)

E_ (solid) = 6212';"2/
' E.: critical energy
o 710MeV
E.(liquid) = = 0.0
InE,/E
Shower maximurft . = |°2 S
N

Longitudinal containment:
tg::n.;j :t T GOSZ _|_ 96

max

TE E::'. [:‘«IEV] . f'abs
—_— — 32 )
E 97'5\/ F - E [GeV]

(stochastic contribution)

t,,s thickness of absorber (in unigs of X

F: faCtQFO.Z for liquid nobég 0.06 for Si, ~1 for scintillators)
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Exercise: EM showers In various materials

Take ewith E=100 GeV and EsNIgoing through Cu (Z=29) and W(Z=74)

1) Compute the critical enegdgrteach material.

2) For each material and energy, where does the shower max occurs (in unit of
A Use the formutg,= In(B) 71 t1, t1=1 for,€0.5 fog

3) Compute the 95% longitudinal containment (in unit of X0) in each case

4) Compute the Moliere Radius of each material.

5) Which material would you choose to build an EM calorimeter. Why ?

12



Exercise: EM showers in various materials [SOLUTION]

1) Use the formula from slide 4
EqCu) =610/ (29+1.24) = 20.17 MeV

EqW)= 610 (74+1.2¢= 8.1 MeV E_(solid) = 610MeV
Z+1.24

2)
tmaxCu, 100 GeV) =In(100.10"9 / 20.174x1G*'@)5
tmaxCu,1000GeV) (1000.10720.17x10%76 1=9.81

tmaxwW,100 GeV) = In(100.14%10% 1 =8.4
tmaxwW,1000 GeV) = In(100.108L2¥10% 1 =10.7

3) Use the formula from slide 4 Longitudinal containment:
t95%(Cu, 100 GeV) =7.5+0.08x29+96=1" _. . (0c7 .0
t95%(CU,000GeV) 44.4+ 0.08 x 29 + 9.8 L7 9% Tmax |
t996(W,100 GeV) &4+ 0.08 ¥4+ 9.6 23.9

t9%906(W1000 GeV)¥5.3+ 0.08 ¥4+ 9.6 22.6

4) RM (Cu) =(21/20.17) x 1.436 = 1.46 cm
RM(Cu) = (21/8.1)x0.35 =0.9 cm

5) W has a smaller radiation length. Although it seems more X0 are needed to stop particles, a
using W will be more compact than one using Cu. Moreover, W has a much smaller Moliere R:
calorimeter using W as absorber will have the capability to better separate showers. 13



Exercise: D@ Calorimeter

--

U 92
LAr 18 19.6 1.4

I T

EM1 2X0 0.1x0.1

One cell of thelltcentral EM calorimeter of D@ is made of a sandwic EM2 2X0 0.1x0.1
of 3mm U plate and 2x2.8Wimap. EM3 6.8 X0 0.05 x 0.0¢

EM4 9.8X0 0.1x0.1

4) Compute the position of the shower max (in units of X0) for an electron with E=45 GeV
(consider only =65 MeV)

5) The EM part has four sections with different granularity and XO.

Commemrtto the result on question 4.

6) Durinunlla magnet was added before the calorimeters as wahawar§l¥scintillating fibers).

What is the impact on the shower max ? What are the consequences on the calorimetric perfol

the role of the plkower ?
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