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Tuesday, 12 August 14

From last lecture

Looked at signals and backgrounds of neutrino
Interactions

Neutrino experiments span a wide range of energies
In different energy regimes

e Different configurations of secondary particles for
signals

e Different sources of backgrounds, different
techniques needed to mitigate them

INSS 2014 - Detectors
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Particle Detection

What happens as particles pass through matter?

How can we use those processes to infer information

about the signals and backgrounds of neutrino
Interactions?

List different particle processes

Discuss detection techniques

Calorimetry
Cherenkov radiation
Scintillation
lonisation

Radiochemical detection

INSS 2014 - Detectors

Morgan O.



Lead plates

Cloud chamber photo of an
electromagnetic shower.

Imperial College

Tuesday, 12 August 14

Showers

#R,  #e'te #y’s
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=/ >\ EM shower
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P Sl Hadronic
g = e shower
e %
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Calorimetry

e Measurement of a particles total energy deposition in a
detector.

e Usually involves showering particles

e Particle must be contained (or with minimal losses) in the
detector to measure its energy:

® |tIs easier to contain electrons and hadrons than
muons in a detector, so it is normally used for these
two:

® e¢lectromagnetic calorimeters (electrons and photons)
® hadron calorimeters (protons and pions).
® muon range detectors (muons and pions).

Imperial College INSS 2014 - Detectors Morgan O.
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Contributions to Photon Cross Section in Carbon and Lead

b Yy | I I I I I I I \\I I I ! I | I I

Lead (Z=82) 1
o — experimental G,

Carbon (Z=6) ) o,

. [¢)
o — experimental Gyt — | Mb S v

1 Mb [— N

Gcoherent

Cross section, barns/atom
Cross section, barns/atom

1 kb
Gcoherent [
— incoh ,~
1 b I ///
10 mb 10 mb X I
10 eV 1 keV 1 MeV 1 GeV 100 GeV 10 eV 1 keV 1 MeV 1 GeV 100 GeV

Photon Energy Photon Energy

Figure 24.3: Photon total cross sections as a function of energy in carbon and lead, showing the contributions of different processes:

op.e. = Atomic photo-effect (electron ejection, photon absorption)

Coherent scattering (Rayleigh scattering—atom neither ionized nor excited)

O coherent

Oincoherent = Incoherent scattering (Compton scattering off an electron)

kn = Pair production, nuclear field
ke = Pair production, electron field
onuc = Photonuclear absorption (nuclear absorption, usually followed by emission of a neutron or other particle)

From Hubbell, Gimm, and Overbg, J. Phys. Chem. Ref. Data 9, 1023 (80). Data for these and other elements, compounds, and mixtures
may be obtained from http://physics.nist.gov/PhysRefData. The photon total cross section is assumed approximately flat for at least two
decades beyond the energy range shown. Figures courtesy J.H. Hubbell (NIST).

INSS 2014 - Detectors
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Cherenkov

Cherenkov np
threshold
ngn 1 .
conditions p>m
(n* —1)
. J
Imperial College INSS 2014 - Detectors Morgan O.
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Cherenkov

® The thresholdis f > 1/n. In momentum: ORI

].a ;l\'::
>
p = m\/(n2 — 1) s

® |n practice the number of photons is very limited
at threshold so the real threshold is a bit larger.

d’>N B 2maz’? 1 1 ) o
dxd\ A2 B2n(\)2 T07 0TS
e This is 390 photons/cm for photons between
300nm and 700nm.

photon/cm/nm

Wavelength Water 207 Particle Water (n=1.33) Oil (n=1.46)
397 nm 1.3435 (+0.7%)
434 nm 1.3403 (+0.6%) electron 0.58 MeV/c 0.48 MeV/c
486 nm 1.3372 (+0.3%) muon 121 MeV/c 99.0 MeV/c
589 nm 1.333 (0.0%)
656 nm 13312 (-0.6%) proton 1070 MeV/c 880 MeV/c

In principle there are more photons at low wavelength but they are absorbed in detector. |

Change in angle emission is less than 1% between different wavelengths. p

Imperial College INSS 2014 - Detectors Morgan O.
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Cherenkov

® The Cherenkov detector uses:
¢ the directionality of the light emission.
® the arrival time of photons.
Uhight+t1 ¢ the total light collected.
® the light pattern in the detector

Requires a segmented detector.

Providing

* vertex position
* range

* direction

° energy

INSS 2014 - Detectors Morgan O.
9



Vacuum Based Photodetectors

photon& Window

photon Substrate
focusing :: J % !>— Input optics 2 eIeCtron
oy 1A e A photo sensor simply counts photons,
atirote LT ignoring energy/wavelength.
f / _ envelope . . .
] ‘g%ﬂ? | ePhoto electric emission from photo
- R 1/ st ymoce cathode.
| | e Secondary emission from dynodes.
oo eDynode gain: gi = 3-50 depending on

| - 1 pumping stem e n e rg y.

base

N
M =1_[gi
i=1
®10 dynodes withg =4, M =410 =1(0°

e Transit time ~200ps (time is critical in
some applications)

INSS 2014 - Detectors Morgan O.
Tuesday, 12 August 14 10
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Photon detection

Quantum efficiencies of typical photo cathodes
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Christian Joram

Q5 Bialkali

SbK,Cs

' 1 L
L " SpRUCs

Multialkali
SbNa,KCs

olar blind
CsTe
(cut by quartz

- window)

0.E(%)~
124 Vske(mA/W)
B A(nm)

Transmission
of various
PM windows

111/3
INSS 2014 - Detectors

® The response of the PMT
depends on:

e quantum efficiency of the
substrate ( <~30%)

e window transparency
(~100%)

e efficiency collection of first
dynode.

® Energy resolution depends
(mainly) upon the first dynode
gain.

Morgan O.
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Other photo sensors

Imperial College INSS 2014 - Detectors Morgan O.
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Other photo sensors

CHANNEL
: CHANNEL WALL
OUTPUT
INPUT ELECTRODE
ELECTRON
o— " 2= OUTPUT
= ELECTRONS
INPUT ELECTRODE #
“Continuous”
(Hamamatsu)

dynode chain

Pb-glass

TMCPCO002EC

Imperial College INSS 2014 - Detectors Morgan O.
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Other photo sensors

CHANNEL
: CHANNEL WALL
OUTPUT
INPUT ELECTRODE
ELECTRON
o0— == OUTPUT
= ELECTRONS
INPUT ELECTRODE #
., t “Continuous”
(Hamamatsy) dynode chain
Pb-glass
Imperial College INSS 2014 - Detectors Morgan O.
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Other photo sensors

photocathode

CHANNEL

/ OUTPUT . I

INPUT / ELECTRODE

ELECTRON
o0——-

electron
]

|

focusing 7| Ay

dynode chain

INPUT ELECTRODE #

(Hamamatsu)

Pb-glass
Micro Channel Plate| i/ T

sensor

Morgan O.
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Other photo sensors

photocathode

CHANNEL

/ OUTPUT . I

INPUT / ELECTRODE

ELECTRON
o0——-

electron
]

|

focusing 7| Ay

dynode chain

INPUT ELECTRODE #

(Hamamatsu)

Pb-glass
Micro Channel Plate| i/ T
sensor Hybrld

PMT

Morgan O.
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Other photo sensors

photocathode
CHANNEL
' CHANNEL WALL XX KGR K K K XX X
INPUT & ELECTRODE
ELECTRON
T — electron —
INPUT ELECTRODE # focusing A Ay
] T oninione electrodes . _
(Hamamatsy) dynode chain
h 4
Pb-glass
THTHTHTEITHT

Micro Channel Plate| slicon
sensor Hybnd

PMT

n' A\ -

+
ph [ N Y S—
N R . [ e e

Morgan O.
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Other photo sensors

photocathode
CHANNEL
: CHANNEL WALL X :,‘,‘r\i':\v}-:i; K K K W K
INPUT / ELECTRODE
ELECTRON
T electron
| |
INPUT ELECTRODE # focusing A Ay
] | T oninione electrodes . _
(Hamamatsy) dynode chain
v
Pb-glass
THTHTHTEITHT

Micro Channel Plate| slicon
sensor Hybnd

PMT

\ 1

" A\
n +\ - .
Silicon
Senso

+
ph [ N Y S—
N R . [ e e

Morgan O.
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Other photo sensors

photocathode
CHANNEL
' CHANNEL WALL XK K AR KK K K K K
OUTPUT \K:‘ g \Xx ‘\11 R\ ‘\1» \x,» \X,» \x,» \X,» \x,» \X,» \x/ A
INPUT ELECTRODE
ELECTRON ¥y
M = OUTPUT
w7 S S ELECTRONS — electron —
INPUT ELECTRODE i 7
/| sTriP cuRRENT f;)misuzlg Ay
] t “COntinUOUS” clectrodacs .
mam .
(Hemamatsu) -1} dynode chain
VD
) 4
[
Pb-glass / “““““““““

Micro Channel Plate| slicon
sensor Hybnd

AJ_;-Y
—_ l g 1
L N Silicon e ZW
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L w—

Morgan O.
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Other photo sensors

photocathode
CHANNEL
' CHANNEL WALL XK K AR KK K K K K
OUTPUT \K:‘ g \Xx ‘\11 R\ ‘\1» \x,» \X,» \x,» \X,» \x,» \X,» \x/ A
INPUT ELECTRODE
ELECTRON ¥y
M = OUTPUT
w7 S S ELECTRONS — electron —
INPUT ELECTRODE i 7
/| sTriP cuRRENT f;)misuzlg Ay
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Morgan O.
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EXxperiments

SIN(O

Imperial College INSS 2014 - Detectors Morgan O.
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Scintillation

WAVELENGTH (A)
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WAVE NUMBER (em™ )

(C]

OEFFICENT

ONC

MOLAR EXTINCT)

Tstites

electron energy levels of organic scintillator

N,

INSS 2014 - Detectors

Birk’'s Law

Eionization

(1 + B Eionization)

Morgan O.
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Scintillation

e Light collection can be done in two ways:

Direct attachment Wavel ength shifting fibers

Photosensor / Photosensor

e One or many photosensors are attached ® Photosensors are attached to the WLS

to the scintillator. fiber.

e The path from some light might be e The WLS fiber shifts the wavelength to
different and also the attenuation: non one that propagates with small
uniformities. attachment in the fiber

e Some liquid scintillator detectors use this ®  The light path is more uniform: uniform
technique. and with higher light collection efficiency.

Imperial College INSS 2014 - Detectors Morgan O.
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Scintillator detectors

® Measure all the energy deposited in
the detector using scintillator. |t
requires large photo production: 200
photons/MeV.

e Atlow energies detectors are fully
active to avoid fluctuations of the
energy in the passive material.

® The detector can measure the
energy, the time and the position of
the deposition.

Liquid Scintillator % l [
(1 kton) R
o & | l Fa N o

Calibration Device

.S Balloon

(diam. 13 m)

Chimney

Containment

0

v _Photo-
<7 Multipliers

Vessel

(diam. 18 m»\gk '
! y
- e Buffer Oil
Outer Detector | '

Outer Detector ) SN\ 5
I)N1'l‘ \u‘: 3 < :..t.f" y :’

I @ @ @ O W

. < |

® The onion approach: layers of clean
¢ Measuring low energy electron and active detectors to reduce
neutrinos and antineutrinos (~MeV) radioactive background from outside.
through CC and NC
VoD — et n ® Dirty components (PMT) far from active
vom = € p area.
vee  — U.e” ® Underground
Imperial College INSS 2014 - Detectors Morgan O.
Tuesday, 12 August 14 16



Scintillator detectors

e For antineutrino detection, the reduction of background is | " _Double Chooz profiminary !
. . . { 10’
achieved by a coincidence.

e The prompt positron signal is detected with the energy.

® The positron annihilates with electrons and produce two
9511 KeV signals.

M |

e Neutrons produce in the reaction, moves in the detector

and they are capture by Gd or Cd releasing a nuclear ‘ T
rom tE(MeV)
gamma of 8MeV or (2.2MeV). o
< Y Prompt-delay time difference
’ 2 F EE—
I T e e
E I ” ® Data
5 FI’K Double Chooz Preliminary
"
- "o
ﬁ#
’ Hp
| 'i*ﬁtﬁ '
.
oE PR SR S —
0 20 < 80 80 100
AT (us)
Imperial College INSS 2014 - Detectors Morgan O.
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Scintillator detectors

® The position of the interaction can be computed using the

time and light density of photons in the detector.
Prompt vertex XY position

(Ny/Cm)far< (Nylcm)near if r!=0
(Nylcm)far~ (Nylcm)near if r=0

time of ffght (Nvlcm)far

e |[f there is absorption in the
detector, the position is needed to
correct for light collection.

Imperial College INSS 2014 - Detectors Morgan O.
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Experiments
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lonisation

® The number of electrons depends on ionisation energy, a property of the material:

e Based on this formula, the fluctuation of number of electrons will be 0.

® The fluctuation is given by
ON _ — \/Z j”e—
e

e where the Fano factor (F) takes into account:

e that the total energy and momentum in each collision is conserved.

® There is a competition between ionisation and scintillation

Imperial College INSS 2014 - Detectors Morgan O.
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lonisation

® The number of electrons depends on ionisation energy, a property of the material:

e Based on this formula, the fluctuation of number of electrons will be 0.

® The fluctuation is given by
ON _ — \/Z j”e—
e

e where the Fano factor (F) takes into account:

e that the total energy and momentum in each collision is conserved.

® There is a competition between ionisation and scintillation
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<?

Bethe-Block approach is

valid in a large range of By

0.1 < By < 1000

Imperial College

Tuesday, 12 August 14

— -

http://pdg.Ibl.gov/2012/reviews/rpp2012-rev-passage-particles-matter.pdf

lonisation
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lonisation

http://pdg.Ibl.gov/2012/reviews/rpp2012-rev-passage-particles-matter.pdf

., = W | | | 3
® The energy loss depends on By, so it is 43 \1’ \ E
different for different particle masses. g 6F \} \ Hy liquid
. 2°F L E (1] |E
e Measuring both the dE/dx and the > 4E W T I
] CRN ) :
momentum of the particle we can compute S 3} \.
its mass: identify the particle. S 5
e This will be the same with the particle _
range, because the kinetic energy of a O A ) A
part|C|e |S 0.1 1.0 10[}(:;)."4\;((-)0 1000 10000
Ekz'n = \/p *p Tmxm—m= m(\/(67)2 +1- 1) . Muonllll(l)onwntunllo(GeV.f'(') 1o 1o
¢ measurlng range and energy depOSIt . Pior:-l(l)wnmntuln?((_}OV."(')IOO 1000
also identifies the particle. ol e
Proton momentum (GeV/e)
Imperial College Morgan O.
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lonisation

http://pdg.lbl.gov/2012/reviews/rpp2012-rev-passage-particles-matter.pdf
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® Particles crossing thick detectors 20000 | A
. . 10000 E e —
can lose all kinetic energy and Y e ;
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':,"> 000 | ; “Hy liquid |
® The range depends on By soitwill & s0¢ o :
be different for every particle type & 200 i
and initial momentum. 2 E :
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Cloud chamber

e* discovery|

e The cloud chamber is the simplest ionising detector one could build.

e |tis a supersaturated environment of alcohol. The particle ionise ions and the alcohol
saturates around the ions leaving visible traces.

Imperial College INSS 2014 - Detectors Morgan O.
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Gas lonisation

e Charged particles ionise the atoms of a gas.
Primary ionisation
e |fthe A" and the e are not separated, they . ' 10 - 40 pairs/cm
recombine — apply E field to drift them apart. AE/pair ~ 20 - 40 eV

® In 1cm of gas ~100 e- are produced. We need
to increase the number of electrons.

e \We can accelerate the electrons in an intense
electric field (narrow wire).

threshold

1/r

® The electrons can ionise the media and produce
more electrons that are accelerated and
produce more electrons in an avalanche.

e The gain is more or less exponential:

e Large gain. Y, =£=6Xp rja(r)dr o= X

n

® Poor energy resolution. A = mean free path

Imperial College INSS 2014 - Detectors Morgan O.
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Readout techniques
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Cathode voltage
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Time Projection Chamber
E|

e The E field prevents the recombination and drift electrons to the readout planes.

Imperial College Morgan
London INSS 2014 - Detectors rga

Tuesday, 12 August 14 2
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Readout

...... '\/_

Inti Sto
scintillator PirpC
Start
_dnft  w#® gnode
< l > < >
low field region high field region
— drift — gas amplification
|
particles
\ drift electrode HY,
E Conversion gap £
” S
e i} T g
................................ Micromesh ____. HV,
£ . ol s
S Amplification gap 2
_ 2
[ Readout strip

Imperial College
London

Tuesday, 12 August 14

techniques
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Electroluminescense

e FElectroluminescence is a way to make a linear
amplification of primary electrons.

O vwo>

e At fixed P and voltage the number of photons
produced by an electron is proportional to the

gap.

Poisson photon statistics, not exponential like in
charge amplification. This is important when
energy resolution is critical.

f

oW —"7
Imﬁ—\COWI

m>unn <
PO T M
o

EL Gap Drift Volume

a Us U
(430V) (4190V) (4685 V)

e With EL amplification, can obtain the nominal
1200 , , ‘ 120 resolution due to primary electron fluctuation
i :\/F Ne

n
1000 " 100

This process happens only above a threshold E
field (depends on gas and P).

A pure EL amplification happens when the E is
not enough to produce charge amplification.

’ -1 -1 1
Y/ p [photons electron ~ ¢cm ~ bar '}

L The deviation from linear dependency is
EpVemibal) an indication of charge amplification.

Imperial College INSS 2014 - Detectors Morgan O.
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1. primary ionization encodes
track direction via dE/dx profile

T

DMTPC Principle

log, (E) (log(keV))

2. drifting electrons preserve dE/dx
profile if diffusion is small

3. multiplication in amplification
egion produces e- + scintillation ¢

quO“
peam

N

camera

D. Dujmic, JM, et al., NIMA N

584:337 (2008) 3

. e\
Pix May 30, 2014

& RHUL Jocelyn Monroe

Imperial College INSS 2014 - Detectors Morgan O.
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DMTPC Principle

camera

D. Dujmic, JM, et al., NIMA
584:337 (2008)

& RHUL Jocelyn Monroe

1. primary ionization encodes
track direction via dE/dx profile

T

Iogm{E) (log(keV))

2. drifting electrons preserve dE/dx

Adding fast optical readout
(for example MCP-PMT)
can restore time-projection capability

#by allowing track reconstruction in the

drift direction

Imperial/RHUL/Bristol working on this
concept

Imperial College

Tuesday, 12 August 14
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Bubble chamber

Camera

e The liquid is at a boiling temperature and high
pressure.

e At the moment the particles enter the detector, the
piston is released leaving the liquid in a metastable
state.

® |onising particles breaks the state and produce
micro bubbles that expand.

Magnet coils

Particles

e The image is taken as a photograph.

OOO0O0O0OOPOOOOO
O00O0O00000000O

Magnetic field

1952, D.A.Glaser

Imperial College INSS 2014 - Detectors Morgan O.
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ﬁBubee chamber

The reconstruction principle is the same of modern tracking
detectors,

Imperial College INSS 2014 - Detectors Morgan O.
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Bubble chamber

Pro’s

e (Can have almost any target
material.

e Excellent point, momentum
resolution and track separation.

Con’s

e Slow (mechanical piston), but OK
for neutrinos.

_ ® Bubble chambers are the perfect example of
* Needs to analyse pictures: excellent neutrino interactions:
nowadays digitised.

® |arge mass What is the new

bubble chamber?

e Gargamelle discovered the Neutral ® high resolution.
Currents at CERN with this
technology in 1973. e Target = detector to avoid low energy loses.

Imperial College INSS 2014 - Detectors Morgan O.
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Neutrinos and Gas

e Normally the gas detectors are too light
for neutrino detection.

® |n intense neutrino beams like T2K

we have ~50000 neutrino events/ton ~
® 1 ton detector made of gas is a box

of :

e par=1.8 kg/m?3 o

® 1 tonargas—8.2 x 8.2 x 8.2 m?3 but
1 tonplastic—1 x 1 x 1 m?3

® On the other hand gas detectors °

have nice properties to preserve:

e fine resolution. o
e fully active.

e dE/dx ¢

Imperial College INSS 2014 - Detectors

Tuesday, 12 August 14

Options

® High pressure TPC:

a 10 bar detector reduces the size
of the detector by a factor of ~2.2
per side.

Good for near detector.

¢ Liquid noble gases:

The density is 1.7 times the
scintillator or water.

Similar good properties to gas
detectors.

Good as far detector.

Morgan O.
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Radiochemical

The method was first proposed by B.Pontecorvo
(1946) to detect solar neutrinos.

The idea profits from the charged current reaction:

v, +37Cl =37 Ar + e~ Eipros = 814.0 KeV
Ve +1 Ga =™ Ge+ e Einres = 232.2 KeV

The detector was purged periodically to measure
the amount of "'Ge or 3’Ar produced.

o TV2(3’Ar)~35days T"?("'Ge)~ 11.5 days

The main advantages of this method was that the
threshold was low and suitable for solar neutrino
detection.

INSS 2014 - Detectors
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Radiochemical

e \Why Radiochemical?:

® | ow energy threshold.

e Small background.

e Technically feasible in large mass.
® Process:

e The 3’Ar and "'Ge were extracted chemically by adding He or H to the target
liquid.

e Once extracted the activity of the 3’Ar and "'Ge were measured and from there the
total number of neutrino interactions.

e Butl
e there are other reactions to produce 3’Ar and "'Ge. Mainly neutron interactions.

e Need to control all the efficiencies in the extraction and measurement of the 37Ar
and "1Ge.

Imperial College INSS 2014 - Detectors Morgan O.
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Cherenkov

vvvvvvvvvvvvvv

©
(N

' Preliminary ]

SK-IIl 289 days
Full Final sample
6.5 - 20 MeV, 22.5 kton

Signal: 3378.9 “§1 stat.only

e Utility at low energies (MeV) is the
determination of the neutrino direction.

Event/day/kton/bin
o
o

® TJo use this, one must: 0.1
¢ Data
. . . -- Back d
® have neutrino reactions which remember | — Best it (8 MC + background)
the neutrino direction (vee —Vee ). 0.05!

boras s ettt gt petaan S urt g 0

® have a point like source so we can have |
a reference neutrino direction from the L N D
source. If itis moving with respect to the -1 0.5 0 05 nep |
detector (i.e. the sun) we need to track
the position at the time of the event.

e \We can reduce the background by cutting
(0.5 in figure) and have an estimation of the
background by extrapolation.

Imperial College INSS 2014 - Detectors Morgan O.
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e The two different thresholds allow an integrated
spectrum measurement, sensitive to different parts of

Imperial College
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Radiochemical

the solar neutrino spectra.

- 1012 — (5a = (I - Kamiokande
o T £ T T T T ™ T T I =
o - e 3
D
< n E pp =
51010 b
£ L _.
s o f 13N - AR 3
:’ I()‘ F_‘.- ~ - : -
o e ] :
I '
- E : ' =
- . - : l -
A 10% . 17, ] o =
n s ' A 8K N\ a
o E : | B . 5
= F I S
S 101 F 7 L] | B
— : E e */I;( -~ : ‘__ /)(7) »l 3
[e— - | | -
. g I l T W -
= I T =
— | [ |l hep 1\
2 102 F L S
= M'---,I ' | | =
g f ! | e et T - Lol L1
. 0.1 0.2 0.5 | 2 5 10) 20
Neutrino energy (MeV)
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Comparison

e Both technigues measured

Total Rates: Standard Model vs. Experiment

Ealheal— P rsemmeamill 2000 different rate than
expected:
129+9
% e solar model?,
E i
=

e (detector efficiencies?,

® neutrino deficit through
oscillations?, ...

5 2.56+0.23

GALLEX e This disagreement was
Theory ™ "Be == P—_; pep Experiments mm Ca”ed for years “the SOIar
"5 m CNO neutrino problem”™.

Cl

Nowadays the neutrino speed is another
example.
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Comparison

Total Rates: Standard Model vs. Experiment
Bahcall-Pinsonneault 2000

1200

%

15 7 7125

5 2.56+0.23

GALLEX
+ GNO

Cl - Ga

"Be == PP, pPep
8B ®= CNO

Theory Experiments m=

Imperial College

Both techniques measured
different rate than
expected:

e solar model?,
e (detector efficiencies?,

® neutrino deficit through
oscillations?, ...

This disagreement was
called for years “the solar
neutrino problem”.

e For many years these experiments show the difference between the
number of sigmas and the “confidence level’.

Nowadays the neutrino speed is another

example.

INSS 2014 - Detectors
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Scintillator

e [maging you want to look at low energy solar neutrinos (neutrinos, no
anti-neutrinos!).

® You can’t use the inverse beta decay with neutron tagging.

® You can enrich neutrons in matter by using deuterium target (SNO)
but thresholds are high (2MeV).

e The only option is the very low threshold electron scattering: v e- —

® ~ 1012 = (;a (] > Kamiokande

e £ ' ' ! =
;1010 E PP

4 F

:: l."-\ -

= ll)'\. - l'_l. : a
- = Y0 3
- E 3
._/ ll')“ o ].Tl " — =

E | -

ﬂ/ : .—cl" hl{

= |

— ll)I ':" "‘ | '

. ; - P - | |~ pep

< i | EER =
= ' o hep |

5 102 F it |

; ] 1 Ll J-'t"i-‘; | L) b L) L

= 0. 0.2 0.5 1 2 5 10 20

Neutrino energy (MeV)
i Morgan O.
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Scintillator detectors

Background Typical abundance Borexino Borexino
(source) goals measured
. . . . 14c/12c 1012 (cosmogenic) g/g 1018 g/ ~21018g/
e The electron signal is very similar to 8 i = = =
) v 2 10° (dust) g/g 10%g/g (1.6+0.1) 107 g/g
(also a and y) decay signature!. (by 24i-214Po)
232Th 2 10 (dust) g/g 10%g/g (5+1) 108 g/g
e No background reduction from e hianic
g 222pn 100 atoms/cm? (air) 10%g/g ~10"g/g
CO Tal Ci d ence. (by #4Bi-2Po)  emanation from materials (~1 cpd/100t)
210pg Surface contamination ~1c/d/t May07:70c/d/t
o N it bilitv t d 4 Sep08 : 7 ¢/d/t
O poiniling capa I Ity 10 re_ u.ce Ll 40K 2 10 (dust) g/g ~108g/g <310 (90%) g/g
background (we will see this in SK) R R—
85K m?3 (air ~1 ¢ * coinc.
e Theonly thion IS a clean detector in a ®Ar 17 mBa/m’ (air) -1 ¢/d/100t < BKr
clean environment: i

VO - Gran Sasso Mock

LVD - Ssandard Fock
MACRO - Standard Rock
’ reyun

wep

e Borexino manage backgrounds of
the order of 2 10-'® g/g — ~108
atoms/kg

2

Differential Muon intensity (cm “s”'sr*)
)

A
Karmeoka
iy

T IH'H[ | 'H'IH] LI IHIHI I 'IHI'II‘

—
o

Sudwry
Barset? &t
Moyabe o! al
Castagnoll of al

.
Q
<

e (Cosmogenic stands for radioactivity induced by
cosmic rays. That means it is produced
constantly. This is dramatically reduced by going
underground.

.

4
-
')

L | IH'HI

A A - A ) l - l - 1 -,
2 3 4 5 6 7 8
Slant Depth (km.w.e.)

-
d
-
—-
-
—
-
—
—
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Scintillator detectors

But, this level is not enough. Background has to be measured....

Events/Bin

10°

: . Experimental Data
i 85
; 218("
g Po
5 : 14 A, i
10 : —_— C; L.Y.=583.8+/-0.0
§ — SOl pp
§ = Solar 'Be
10* —f- 1 — SOlar CNO
g —— $Qlar other
'Q 210Pl-)
103 . ..'c._;._.\‘_ B 11 Bi
s 21 <
U A : ’ _———a g
I8 J: g \‘ ‘ 23 U
10° = : % ""?':"" S —— Model (210PQ R excluded) .
10 E—r\--r-- ------------------------------------------ ------------------------
- R - '
[~ H 1 —

] IR e e M oo g N
= | 4 ’j § |
SN

10" = . .
% : : o e S : : :
E i 1 L i -1 | i | 7| i | N | | ' L1 N 1] i | ;_‘Iﬁi‘.l\l\?\i; L1 | i

10%0" 200

400 600 800

INSS 20

1000 1200 1400 1600

14 - Detectors

1800 2000
Energy, keV
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Scintillator detectors

Events/Bin

to extract the signal...

10° : . Experimental Data
i 85
; o
L e e "G
: — SOlAr pp
s S0lar 'Be
T —— Solar CNO
S — §,qlar other
210P-b
103 B 11 Bi
——— 10C
o - zf
10 ‘—M!![”oE g ¢ uded)
1 )| R o ............. e : T eSS ¢
\
1 ....................... | i i i el v i 2 WGRRRIEED i
104 T G THE. WG, s e S
| A . i
-2 1 L 1 A3 4 I LA 1 3 o | — - | e | l 1 1 Ll l
10 0 200 400 600 800 1000 1200 1400 1600 1800 2000

]

Fnergy, keV

Solar| Solar
Solarpp  Solar 7Be others' CNO'
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High Energy

® \When going to high energies the detection gets more complicated:

® There is energy to produce heavier leptons in CC. Particle
identification starts to be crucial.

® The particles are not contained in the detector: Eionization # Eparticle

® The neutrino interactions are dominated by nuclear interactions:
® |nteraction channel and hadron identification are important.

® The particles are energetic enough to shower in the detector:
e + Particle id.

e - Energy reconstruction.

Imperial College INSS 2014 - Detectors Morgan O.
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Momentum by curvature

In order of importance:
L > Omeas > N

Imperial College

Tuesday, 12 August 14

The presence of a magnetic field
curves the track according to

momentum and track charge.
B in Tesla
pcoso ~ 0.3zBp oinm

. . in GeV
The resolution iIn momentum .

depends on the detector resolution
(Ores) and the multiple scattering

(Oms).

The detector contribution can be
parametrized as:

Trmeas 720.

57”‘68 ~
L? N 44

INSS 2014 - Detectors Morgan O.
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Momentum by Range

e \When a detector is long enough we can compute the momentum
of a particle by measuring the range.
\/Melectron
— 3.5%)| .-

- partzcle
10004 Fe 5,
5000 | Pb N
Range % - 2000 X . /Y >5
T . Ho liquid
Lo 1000 | X He gas |
« / :d? 500 ' He gs p >5OOM€V/C|M_
;J: ;)-b ‘ - ’}'/' o
<>

= ~ ® The momentum error
e The detector sampling G donot have a

determines the range momentum
preCISIOn 002 005 u')l 02 05 ';",' 20 T80 100 dependency eXCept fOr

measurement: O R R T the detector sampling

precision.
® C)'2Range~ S2/12

http://pdg.Ibl.gov/2012/reviews/rpp2012-rev-passage-particles-matter.pdf

Imperial College

INSS 2014 - Detectors Morgan O.

Tuesday, 12 August 14 47


http://pdg.lbl.gov/2012/reviews/rpp2012-rev-passage-particles-matter.pdf
http://pdg.lbl.gov/2012/reviews/rpp2012-rev-passage-particles-matter.pdf

Multiple scattermg

http://pdg.lbl.gov/2012/reviews/rpp2012-rev-passage-particles-matter.pdf

- X - . |
5 <
- X2 - | 2
e ! W !
o L5 1
—~—— ane ; -/
hhhhh yp Yplane ' L
Splane ~~—~ \ :
o N -
? - | A — | G- &_;;__.‘;L —
0 0.2 0 oA A8 Q
Oplane ; o o atas o )
Figure 1. Compar of observed and expected ) distributions for sncident muons
in the momenty nge 20-25 Gﬂ:

Figure 27.9: Quantities used to describe multiple Coulomb scattering. The particle

is incident in the plane of the figure.

e Particles traversing any media suffers rutherford scattering.

e This produces (correlated) changes in angle and position.

e First approximation for think materials (central limit theorem) , it can be
described by a gaussian

_p2 i '
P(6) o exp2 3 p,B = particle momentum (MeV) & velocity
= particle chargex = particle path length
13.6MeV 4=he
0o = Bep zv/ @/ Xo[l +0.0381n(x/Xo)] X, = material radiation length
Imperial College INSS 2014 - Detectors Morgan O.
48

Tuesday, 12 August 14


http://pdg.lbl.gov/2012/reviews/rpp2012-rev-passage-particles-matter.pdf
http://pdg.lbl.gov/2012/reviews/rpp2012-rev-passage-particles-matter.pdf

Multiple scattering

e Multiple scattering is relevant for several detection techniques.
e The trajectory determination is affected in several ways: Ay, AG.

e |t also affects the measurement of the track curvature and the charge
determination. true trajectory

.....
.............
----------------
aun

|deal trajectory
® The parameter to tune is the radiation length. “the largest X0 the better”

e Radiation length defines the characteristic amount of matter traversed by

. NN
a photon before producing a pair e*e Best material

X — 716.4A —1\ Z,A atomic and mass numbers of nucleus Al
0= 7 T (B, ) o
(Z + 1)In( z )p p material density 0l
Imperial College INSS 2014 - Detectors Morgan O.
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