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Fermi Large Area Telescope: Recap

The Fermi-LAT
Modular design, 3 subsystems
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4 Fermi Large Area Telescope: Recap
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The Fermi-LAT
Modular design, 3 subsystems
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Silicon detectors S = = -
Convert y to e+ N T o
Reconstruct y direction N =
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Fermi Large Area Telescope: Recap

The Fermi-LAT
Modular design, 3 subsystems

e > Anti-Coincidence Detector
‘ RN == Scintillating tiles
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. ! = Charged particle separation
Silicon detectors | -
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Convert y to et/ N T ;. e l
Reconstruct y direction — é -
A l e B Calorimeter

Csl scintillating crystal logs
Measure energy of y and e+

|lmage and separate EM/had. showers

=

Trigger LAT Detector dlscussmn continues NOW...
rate: ~10 kHz -
read out: ~400 Hz

v-ray data made public within 24 hours
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* Particle interactions in general

e The Standard Model

Outline

e Particle interactions in matter
e Detectors for different particles and interactions
e Charged particles

e lonization, Bremsstrahlung, Scattering, Cherenkov,

e Photons Specifically

e Photoelectric effect, Compton scattering, pair production

e Detectors!
* Tracking, Calorimeters
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A Valuable Resource

http://pda.lbl.gov

particle doto grovp

About PDG | PDG Authors @ PDG Citation | News | Contact Us

The Review of Particle Physics (2017)

C. Patrignani et al. (Particle Data Group), Chin. Phys. C, 40, 100001 (2016) and 2017 update.

pdglive - Interactive Listings

Summary Tables

Reviews, Tables, Plots
Particle Listings

Covers particle properties, particle physics, astrophysics,
statistics... everything
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A From Particle interactions in theory to
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*Goal: design detectors to utilize the way these particles
interact via these forces...

* A few notes (Feynman diagram cheat sheet)
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Atom
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o From Particle interactions in theory to
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*Goal: design detectors to utilize the way these particles
interact via these forces...

* A few notes (Feynman diagram cheat sheet)
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P
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Particle
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O Particl Particle

Atom
Electron

What happens How we represent it
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Electromagnetic interactions

Do i = o
radiation < annihilation
o ) 4

e e’

G e-+et—y

Y e
et Y pair creation
e+ e’

et — et +y y —>e +e’

https://physics.stackexchange.com/questions/66309/do-excited-electrons-drop-back-to-same-quantum-state
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Charged particle interactions in matter

lonization Energy: Energy required to remove outermost electron

1 2
(1.00784; 1.00811] 4.0026
HYDROGEN HELIUM
3 a 5 6 7 10
Li | Be B|C|N Ne
[6.938; 6.997] 9.0122 [10.806; 10.821) [12.0096; 12.0116] | |[14.00643; 14.00728)] | (15.99903; 20.180
LITHIUM BERYLLIUM BORON CARBON NITROGEN NEON
11 12 13 18
22.990 Zl.!g 26.982 [ 5.457) 39948
SODIUM MAGNESIUM ALUMINUM CHLORINE ARGON
19 20 21 22 23 24 25 26 27 28 3z 33 31 3s 36
- -
" K{Ca|Sc|Ti|V |Cr|Mn|Fe|Co| Ni Ge || As | Se || Br || Kr
39.098 40.078 44956 47.867 0.942 51.996 938 5.845 58.933 58693 || 63546 69.723 74922 78963 || 79 .904 83801
8 POTASSIUM CALCIUM SCANDIUM TITANIUM VANADIUM CHROMIUM MANGANESE IRON COBALT NICKEL GERMANIUM ARSENIC SELENIUM BROMIUM KRYPTON
o 37 38 39 40 41 42 43 14 45 50 51 52 53 54
v Rb|(Sr | Y | Zr | Nb|Mo| Tc | Ru Cd{In |Sn|Sh|Te| I | Xe
U 85.468 87.62 88.906 91.224 92.906 95.94 97.907 101.07 112.41 n4.818 114.818 21.760 127.603 .904 131.292
ﬁ RUBIDIUM STRONTIUM YTTRIUM ZIRCONIUM NIOBIUM MOLYBDENUM TECHNETIUM RUTHENIUM CADMIUM INDIUM TIN ANTIMONY TELLURIUM I0DINE XENON
- 55 56 57.21 |[22 73 74 75 76 78 79 80 81 82 83 84 8s 86
-
Cs| Ba|jatu| Hf | Ta | W Ir (Pt |Au ||Hg | Tl |Pb| Bi | Po| At [Rn
132.905 137327 LANTHANIDES 178.49 180.95 183.84 192.217 195.084 196.967 200. [204.382; 204.385) 204383 208.980 208.982 9.98 222,018
CESIUM BARIUM HAFNIUM TANTALUM OSMIULM IRIDIUM PLATIUM GOLD MERCURY THALLIUM LEAD BISMUTH POLONIUM ASTATINE RADON
87 T 89-103 |[104 108 109 110 111 112 113 114 115 116 117 118
Fr || Ra |ac-Lr|| Rf Bh | Hs | Mt | Ds | Rg || Cn || Uut |Uuq|Uup|Uuh|Uus|Uuo
223.020 226.0254 ACTINIDES 263.113 4 264.125 269.134 268.139 272146 272 277 284 284 288 292 29 294
FRANCIUM RADIUM SEABORGIUM BOHRIUM HASSIUM MEITNERIUM DARMSTADTIUM ROENTGENIUM COPERNICIUM UNUNTRIUM UNUNQUADIUM UNUNPENTIUM UNUNHEXIUM UNUNSEPTIUM UNUNOCTIUM
60 61 62 63 64 65 66 67 68 €9 70 71
LANTHAN Nd | [Pm Sm Eu Gd | Tb | Dy Ho | Er |Tm||Yb | Lu
144.242 144,913 150.362 151.964 157.253 158.925 162. 164.930 167.259 168.934 173.043 174.967
LANTHANUM CERIUM PRASEODYMIUM NEODYMIUM PROMETHIUM SAMARIUM EUROPIUM GADOLINIUM TERBIUM DYSPROSIUM HOLMIUM ERBIUM THULIUM YTTERBIUM LUTETIUM
89 20 o1 92 93 91 o5 % 97 %8 ) 100 101 102 103
wenmnes | Ac | Th | Pa || U ||Np|/Pu|/Am Cm Bk | Cf | Es ||Fm|Md| No | Lr
227.027 232.038 231.036 238.029 237. 244.064 243.061 247.070 247.070 251.080 252.083 257.095 258.098 259.101 262.110
ACTINIUM THORIUM PROTACTINIUM URANIUM NEPTUNIUM PLUTONIUM AMERICIUM CURIUM BERKELIUM CALIFORNIUM EINSTEINIUM FERMIUM MENDELEVIUM NOBELIUM LAWRENCIUM

Increases }
R. Caputo | UMD/NASA/GSFC Fermi Summer School 2018 8
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*What to keep in mind: 70
—Energy of the - [
incoming charged E =
particle (8) E 1 protons \ X
—Charge of the £ X
incoming charged > 2
particle 5 e
—Nuclear charge of the
target material (Z) W0 1 0 0 10 10
—Density of the target SRS
terial (p) dE Z
materiat i —— ~ p(2MeVem? /g) =
dx B2
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Bethe-Bloch equation

—

dE K2 Z 1 lln 2MeC2 322 Tpax 52
dx A (2% |2 IE:

Z. Atomic Number of target material

A: Atomic Mass of target material

I: Mean excitation Energy

z: charge of incident particle

Tmax: IS the maximum kinetic energy which can be

imparted to a free electron in a single collision

R. Caputo | UMD/NASA/GSFC Fermi Summer School 2018 10
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Bethe-Bloch in action: Muons in Copper

. [ | I [ | I |
- + -
u u’ on Cu
™ - _ 2 ]
£100 - R o -
; C Bethe-Bloch Radiative .
¢ |/ Anderson- -
= o Ziegler .
1 i
s [Tg -
20 58
10 == »n .. -
o - Radiative -
'a - Minimum  effects .
L ionization reach1% A . o --- <
S | Nuclear e m== i}
@ | losses === _. E— T ------- .
I Without §
1 | | I | | | | I
0.001 0.01 0.1 1 10 100 1000 104 10° 106
Py
I | I | | I | | | J
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Muon momentum
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S ermi

' SpaceTeIesiope
Bremsstrahlung is radiation due to hard ol
Coulomb interactions of a particle with . W\

atomic nuclei (“braking radiation”)

High-energy electrons predominantly lose
energy in matter by bremsstrahlung

dE E

— Radiation length: the mean distance

dx X0 == over which a high-energy electron
loses all but 1/e of its energy by

bremsstrahlung, and 7/9 of the mean
free path for pair production by a
high-energy photon

716.4 ¢ cm 2 A
Z(Z +1)In(287/V2)

Xp =

R. Caputo | UMD/NASA/GSFC Fermi Summer School 2018
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Multiple Scattering

@sssermi
o ST
e e
\\\\\\\\\\\\\ v
= 3
eL)
N e e
13.6
6y = Bep —2zJx /Xy |1+ 0.038In(x/X,)]

Same energy

electron proton alpha particle
few cm 0.8 mm 70 um
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4

relativistic charged particle travels
through a medium faster than the

/\\\\ speed of light in the medium (c/n)
V0N

)

\/ N/
/ 4
7 '
__—t/
- \/T—> - vt >
SR« S / a
| /S y e 0 -
V<% V>% d E Z 04 C
‘\‘ Y(.'/// — a) 1 2 2
.Y dhw.dx - he | ncv-
(c/n)t C Ty’
cos (0) = L < %,
V1 ny %, "(@,,%
v, 0
N///\ /.\[f;zbe ‘
// O, 4 \{‘QO/
P \ / N

Particle velocity v = 3¢
R. Caputo | UMD/NASA/GSFC Fermi Summer School 2018 14



Back to business: Photons in Matter

R. Caputo | UMD/NASA/GSFC Fermi Summer School 2018
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Photons in Matter

S

Low Energy: Photoelectric Effect
Medium Energy: Compton (Rayleigh/Thompson) Scattering

High Energy: Pair Production

R. Caputo | UMD/NASA/GSFC Fermi Summer School 2018 16
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*Photon absorbed by atom; electron excited or ejected

Photoelectric Effect

—Photon energy > binding energy
c=const.xZn/E3

P a
/ / Note: photoelectric effect
and Brems. must occur In

® _ e ®,09, the field of the nucleus

characteristic

photon h\) /
incident >
photon s
q positive
hv ion
or Auger Electron

photoelectron

KE = hv—-RE
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Photoelectric Effect

*Photon absorbed by atom; electron excited or ejected
—Photon energy > binding energy
c=const.xZ"/E3

Note: photoelectric effect
and Brems. must occur in
the field of the nucleus

i Photons mteract W|th atomlc sheII ' charamens..c

photon
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Compton Scattering

electron

. . C t tteri Recoll
e Elastic scattering of e /

photon and electron ,,«@_ VE —(m,c’)
e Can be useful for Incident Torget " e ™ c
photon detection Y
e HOWEVER... changes 'V U IASEIRCS /0 E, hv, h
photon direction B hv_k 9 BT T e T,

Scattered
photon

Ap—Ay=DA=—"—(1-cos)
m,c
Low-energy limit is energy independent
—Scattering off single electrons: Thomson scattering
—Coherent scattering off bound electrons: Rayleigh scattering
—both elastic

R. Caputo | UMD/NASA/GSFC Fermi Summer School 2018 18
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Compton Scattering

recoi electron

90"

incident photon w

scattered photor o

180°

The take home message:
Scattering angle is energy
dependent
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Compton Scattering

recoi electron

90"
incident photon e “
150‘:. ¥ 3{]“
scattered photor o " \
The take home message: M W
Scattering angle is energy 100 ke b/

dependent o /

- Photons interact with individual electrons :
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Pair Production

*Photon is converted to an
electron-positron pair

*Cross section rises
quickly

e At high energy, mean free
path for pair production is
X0*9/7

pair produced

e Opening angle between
electron and positron
decreases with photon
energy

nucleus
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Pair Production

e Photon is converted to an

electron-positron pair 10 f
0.9 [~

[ ] [ J 0.8 —:-_

e Cross section rises 3

* At high energy, mean free ros-
path for pair productionis o«

X0*9/7 03 -
0.2 -
° 012— /’j’,.’"/!
e Opening angle between 1o Euii el
. 1 20 50 100 200 500 1000
electron and positron Photon energy (MeV)
decreases with photon
energy
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Pair Production

*Photon is converted to an
electron-positron pair 10 f

0.9 ;—

. . 0.8
* Cross section rises 1 b

qU|Ck|y 06 -
At high energy, mean free ros:-
path for pair productionis o1~

X0*9/7 0.3 —
0.2 "
e Opening angle between 0o Ll A R
. 1 20 50 100 200 500 1000
E|ECtI‘0n and pOSItI‘Oh Photon energy (MeV)
decreases with photon
energy

' Photons interact with nucleus
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Photons in Matter: Summary

% LA N A A B B I B
-

| (a) Carbon (Z=6)
| Mb | ? o -experimental Oy, -
|
- | ]
3
o

E
S
S B p.c. N
=~ 1kb |~
&
§ p—
& 0Raylevh
e L
o
I b~

l() mb [ I /I

| | A
10 eV 1 keV 1 MeV 1 GeV 100 GeV

Photon Energy
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Photons in Matter: Summary

S T T T T T T T T
s .
(a) Carbon (Z=6)
I Mb |- N o -experimental Oy, —
|
B Photoelectric effect:

»c. b €lectron ejection, photon absorption

>
o
|

Cross section (barns/atom)
|

Ib [~
' 0Complon
el N A F A IS T
10 eV 1 keV 1 MeV 1 GeV 100 GeV

Photon Energy
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o Photons in Matter: Summary

b‘l T T T T T T 1

| Mb |-

electron ejection, photon absorption

=

Rayleigh (coherent) scattering:
Atom not ionized

(a) Carbon (Z=6)

o -experimental Oy, —
X Photoelectric effect:
¢

0Ruylcigh

Cross section (barns/atom)
—
o
|

| b~
/" YCom pton "\ P < ’\ Ke
Omb— v RNy T
10 eV 1 keV 1 MeV 1 GeV 100 GeV
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Photons in Matter: Summary

bgl T T T T T T 1

(a) Carbon (Z=6)
| Mb |- o -experimental O, -
- X Photoelectric effect:
¢

electron ejection, photon absorption

-

Rayleigh (coherent) scattering:
Atom not ionized

—

Compton (incoherent) scattering:
Atom ionized

ORayleigh

Cross section (barns/atom)
r
o
l

I'b[—
, UCumpum "\ P ¢
Womb= 0 | 1 A N T B
10 eV 1 keV 1 MeV 1 GeV 100 GeV

Photon Energy
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| Mb |-

electron ejection, photon absorption

-

Rayleigh (coherent) scattering:
Atom not ionized

(a) Carbon (Z=6)
o -experimental Oy, —
X Photoelectric effect:
) ¢

_{
ORayleigh

Cross section (barns/atom)
7"
o
l

I b~

10 mb -

Compton (incoherent) scattering:
Atom ionized

Pair production

Com pton "\
L | [\

10 eV
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Photons in Matter: Summary

bgl T T T T T T 1

| Mb |-

electron ejection, photon absorption

-

Rayleigh (coherent) scattering:
Atom not ionized

(a) Carbon (Z=6)
o -experimental Oy, —
X Photoelectric effect:
) ¢

_{
URu_ylcigh

Cross section (barns/atom)
o
o
|

I b~

10 mb [~

Compton (incoherent) scattering:
Atom ionized

Pair production

OCom pton

| |

10 eV
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* Tracking Detectors

Detecting via lonization

p* strips

p n
v —— Active region
O 2eCe e Re2e05? | ivpe bulk | 7700k
0262520656 96502
PD-P-P-@=- +tO+O0+0+O B

G—DCI)G—BCI)@_ -t .\ +C:)é(;)é§ Traversing Particle
Socas - '+ 20307
@é@é@- Tt +§é§é§ Basic Principle of a Silicon Sensor
* Minimum lonizing Particle (MIP) creates electron hole pairs
_m+ e drift to strip implants and backplane
% . .
U * signal is read out by Front-End electronics
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o Detecting via Scintillation

g (special type of ionization) &

Space Telescope
" 4

e While collection of ionization is difficult in solids and
liquids, scintillation light can be used instead as a proxy
for charge collection

eScintillators have metastable excited states
—lIsotropic emission, lots of photons
—Emitted at one or more spectral lines, not continuum

e Depending on material, amount of light is roughly linear
with deposited energy in ionization

eLarge index of refraction (~1.5) promotes total internal
reflection

eScintillators useful: calorimetry, tracking, vetos
—Can be made of plastics, inorganic solids, liquid, air
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~ Detecting via Scintillation

e ormi (special type of ionization) »

L/

light guide / scintillator
(a) charged particle
PM wave length shifting bar /

(b)

scintillator

charged particle
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A~ Detecting via Bremsstrahlung/Pair
S ermi Production

) Space Telescope
v

e Calorimeters (electromagnetic and hadronic)

e+
y
e~ e € o= v or et: pair production
. ~
€ ; (occurs near nucleus) and
e bremsstrahlung alternating
l 7 (interaction near nucleus)
e+
ot
(e pln, it pair production
« paron o (occurs near nucleus) and
bremsstrahlung alternating
s (interaction near nucleus),

e cluster fission

color charge GLUONS!

‘hool 2018 27




s Detecting via Bremsstrahlung/Pair
Tooml Production

e Calorimeters (electromagnetic and hadronic)

Atomic and nuclear properties of silicon (Si) Atomic and nuclear properties of lead (Pb)
Quantity Value Units Value |Units Quantity Value  |Units Value |Units
Atomic number 14 Atomic number 82
Atomic mass 28.0855(3) |g mole™! Atomic mass 207.2(1) |g mole™
Specific gravity 2.329 g cm™ Specific gravity 11.35 |gem??

Mean excitation energy  [173.0 eV Mean excitation energy  (823.0  |eV
Minimum ionization 1.664 MeV g lem? [3.876 |[MeV cm’! Minimum ionization 1122 |MeV g'lem?[12.74 |MeV cm’!

http://pdg.lbl.gov/2017/AtomicNuclearProperties/
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Detecting via Bremsstrahlung/Pair
Production

e Calorimeters (electromagnetic and hadronic)

Atomic and nuclear properties of silicon (Si)

Quantity Value Units Value |Units
Atomic number 14

Atomic mass 28.0855(3) |g mole™!

Specific gravity 2.329 g cm™

Mean excitation energy  |173.0 eV

Minimum ionization 1.664 MeV glem? [3.876 [MeV cm’!
Nuclear collision length |70.2 g cm™ 30.16 |cm
Nuclear interaction length |108.4 g cm™ 46.52 |cm
Pion collision length 96.2 g cm™ 41.29 [cm
Pion interaction length ~ |137.7 g cm™ 99.14 [cm
Radiation length 21.82 g cm™ 9.370 |cm

Atomic and nuclear properties of lead (Pb)

http://pdg.lbl.gov/2017/AtomicNuclearProperties/

R. Caputo | UMD/NASA/GSFC

Fermi Summer School 2018

Quantity Value Units Value |Units
Atomic number 82
Atomic mass 207.2(1) |g mole™
Specific gravity 11.35  |gem?
Mean excitation energy (823.0 [eV
Minimum ionization 1.122 MeV g'lcm2 12.74 |MeV cm™!
Nuclear collision length |114.1 g cm™ 10.05 |cm
Nuclear interaction length [199.6  |g cm™ 17.59 |cm
Pion collision length 137.3 |gem™ 12.10 |cm
Pion interaction length ~ [226.2  |g cm™ 19.93 |[cm
Radiation length 6.37 g cm™ 0.5612 |cm

28




A Detecting via Bremsstrahlung/Pair
) i Production

Gamma-ray

/ Space Telescope
e Calorimeters (electromagnetic and hadronic)

Atomic and nuclear properties of silicon (S1) Atomic and nuclear properties of lead (Pb)
Quantity Value Units Value |Units Quantity Value  |Units Value |Units
Atomic number 14 Atomic number 82
Atomic mass 28.0855(3) |g mole™! Atomic mass 207.2(1) |g mole™!

Specific gravity 2.329 g cm™ Specific gravity 11.35 g cm™

Mean excitation energy  [173.0 eV Mean excitation energy  (823.0  |eV

Minimum ionization 1.664 MeV g lem? [3.876 |[MeVem™! | [Minimum ionization 1122  |MeV glem?|12.74 |MeV cm’!
Nuclear collision length  [70.2 g cm™2 30.16 |cm Nuclear collision length [114.1 g cm™2 10.05 |cm
Nuclear interaction length [108.4 g cm™2 46.52 |cm Nuclear interaction length [199.6 g cm 2 17.59 |em

Pion collision length 96.2 g cm™2 41.29 [cm Pion collision length 1373 |g cm™2 12.10 |cm

Pion interaction length 137.7 g cm™2 59.14 [cm Pion interaction length  [226.2 |g cm 2 19.93 |cm
Radiation length 21.82 g cm™2 9.370 [cm Radiation length 6.37 g cm™ 0.5612 |cm

Different materials are better at different things...

http://pdg.lbl.gov/2017/AtomicNuclearProperties/
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Which detectors make up the LAT?
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Silicon Tracker

| *Tracker is 1.5 radiation lengths total
= | 0N axis (63 % conversion efficiency)

T | e 18 xy silicon planes alternating with

...................................................................................... passive tungSten Converter Iayers

I Front: 12 planes with 95 pm (0.03
Xo) converter
Back: 4 planes with 720 pm (0.18

Xo) converter

______________________________________________________________________________________ *160 W power consumption (of 650
———| W total), compared to 1100 watt
S S 4 toaster

—%2——| e¢~1 M readout channels
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Calorimeter

* Measures energy deposition - contains particle shower

CDE: st Detecors PN diodes Ganends)  camoncelaray  aceicesso EACH Ccalorimeter tower: 8
layers of 12 Csl bars
hodoscopic arrangement
~ read out by photodiodes
10 Xo
" can measure the three-
N . dimensional profiles of
AL VI Sl showers
permits corrections for
energy leakage and
capability to discriminate
hadronic cosmic rays
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Calorimeter

Gamma-ray

/ Space Telescope
* Measures energy deposition - contains particle shower

CDE: Csl Detectors +PIN diodes (both ends) Carbon Cell Amay Al Cell Closeout EaCh CalorimEter tower: 8
layers of 12 Csl bars

- T w | hodoscopic arrangement
Atomic and nuclear propertles s of cesium iodide (CsD st by photodiodes

Quantity Value Units Value |Units

<Z/A> 0.41569

Specific gravity 4510 |g cm™ ,.asure the .three-

Mean excitation energy  [553.1 |eV |Ona| prOfl Ies Of
Minimum ionization 1.243  |MeV g'lem? [5.605 |MeV em™ S

Nuclear collision length |100.6 g cm™2 22.30 [cm tS CorreCtionS fOI'
Nuclear interaction length |171.5  |g cm™ 38.04 (cm y Ieakage and

Pion collision length 1247 |gem™ 27.65 |cm 'ility to discriminate
Pion interaction length ~ [199.0  |gcm™ 44.12 |em nic cosmic rays
Radiation length 8.39 g cm™ 1.860 |cm

R. Caputo | UMD/NASA/GSFC Fermi Summer School 2018 31
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AntiCoincidence Detector (ACD)

covers the array of towers,
employs segmented tiles of scintillator,

read out by wavelength-shifting fibers and miniature
phototubes.

Elapsed Time : 0.00s
No. of Gamma-rays : 0
No. of Proton CRs : 1
No. of Electron CRs : 0
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Overview of particle interactions

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter charmber

photons é{

d

L <

http://www.quantumdiaries.org/wp-content/uploads/2009/04/decay_chart1.qif
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Overview of particle interactions

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter charmber

photons é{

d

L <

Interactions with the electron shell
http://www.quantumdiaries.org/wp-content/uploads/2009/04/decay_chart1.qif
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Overview of particle interactions

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter charmber

photons é{

d

L <

Interactions with the electron shell  nucleus
http://www.quantumdiaries.org/wp-content/uploads/2009/04/decay_chart1.qif

R. Caputo | UMD/NASA/GSFC Fermi Summer School 2018 33



http://www.quantumdiaries.org/wp-content/uploads/2009/04/decay_chart1.gif

Overview of particle interactions

Tracking Electromagnetic Hadron Muon
chamber calorimeter calorimeter charmber

photons é{

d

L <

Interactions with the electron shell nucleus electron shell
http://www.quantumdiaries.org/wp-content/uploads/2009/04/decay_chart1.qif
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* Muons hold they key to the mysteries of the universe!

BREAKING NEWS!!!

*Need to build a muon telescope!

eWhat do we build?
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*Need to build a muon telescope!
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BREAKING NEWS!!!

* Muons hold they key to the mysteries of the universe!

*Need to build a muon telescope!

eWhat do we build?

Think about the signal
Think about the background

Building the LAT

R. Caputo | UMD/NASA/GSFC Fermi Summer School 2018
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