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Scientific motivation: dark matter
Photon interactions in matter
Scintillators and phototubes

LArGe: Overall goals; summer goals

My summer with LArGe:
— Photomultiplier tube tests
— Gas scintillation test



Scientific Motivation: Dark Matter

One of the hottest questions in the
physical sciences

Very compelling astrophysical evidence for
DM composing nearly 25% of the universe

We don’t know what it is for sure, but
many suppose that it is some new particle
that interacts very weakly.

The detection of such a particle would
require a very sensitive detector, but also
one that is not bogged down by
extraneous or undesirable signals.



LArGe Detector
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* Photoelectric absorption
— All photon energy deposited into

liberated electron

— Sharp peak at full photon energy

| Scatterad
hoton

|Ir||:|:|n'|ir|g d

| photon a8

I ? O

I atom N}

I Scattered
| alectron

« Pair production

— Electron/Positron pair produced;

photon disappears

— Sharp peak at 2m_c? below full

g photon energy

« Compton scattering

— Electron liberated; photon is
scattered at lower energy

— Scattering angles from 0 to 1
are observed, producing a
continuous energy distribution




Photon Interactions in Matter
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Scintillators

Charged particles (e.g. electrons) in motion transfer
energy to molecules of the scintillation material.

These molecules are raised into higher energy
vibrational or electronic states.

Photons are produced as a result of the de-excitation
of these molecules back into lower energy states.
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PhotoMultiplier Tube

1. Photoemission in the photocathode
2. Electron multiplication in the dynodes

3. Absorption and detection of the electrons
In the anode as an electrical pulse
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Background and Unwanted Counts

Lost counts between Counts from undesired Compton scattering
detector and source outside sources

1=

Solution: Less distance

Solution: Passive Shield
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Motivation for LArGe

* L-iquid Ar-gon Ge-rmanium = LArGe

* Immersion of Germanium detector 22,10
: o 20T
(or other type) into LAr scintillator ™=

— LAr cools detector.

— LAr acts as a shield, stopping outside
radiation from interacting with detector.

— LAr acts as an active veto, catching y-ra¥
compton scattered photons and
emitting, through scintillation, energy
that would be lost otherwise.
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LArGe Detector: Timeline

1. Test PMTs and bases outside the cryosta

Summer ‘09

. Test PMTs and bases inside the cryostat
using simple gas scintillator and [3-sourc

3. Input LAr cryogen and test @
o

The Future!
mmerse detector in LAr to detect dark
matter or rare physical processes
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(REFLECTIVE FOIL)
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PMT 2/3, Basel PMT TeStS
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Gas Scintillation Tests

« Before working with LAr cryogen, we sought to test
PMT/base setup with a gas scintillator.

. Commomy used: PMT Specifications
— Noble gases (He, Ne, Ar, Kr, Xe)
— Nitrogen gas (N,)

 Criteria for choosing gas scintillator:

— PMT Specs
« 9357 KB sensitivity:
A=275-630nm light

* QE maximum:
350nm< A<400nm

— Ability to stop B-particles
— High light output
14 — Inexpensive, if possible 00 3w so 700
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Gas Scintillation Tests: Ar vs. N,
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Nitrogen scintillation Noble Gas scintillation
e
: 100 , —_—Bunner 54 : : Gas | Emission Decay Light Price/kg :
I - " ' ' Wavelength | Times Yield '
: 3°_ | M : : Fast/Slow :
| e N : \ : ! "He | 80nm 10 ns / ~50 ykeV | 5$ :
L, ) \ T |\ I | 1.6 us [5] .
| ] [ T ! : “Ne | 77 nm 10 ns / 30ykeV | 608 :
: 20| e \ ' - tl\;fﬁf \| | _.[' : | - 39 HS :
N N/, % I W (U i M\ ! < Ar | 128 nm 4ns/ 40 ykeV 9 .
" | | . | | . I m— | 1.6 us [3] I
I 280 300 320 340 360 380 400 a2 1 131Xe 175 nm 1S/ 7y y/keV 1°000 $ 1
' (om) : : 22 '
I ns [3] I
! P =105Pa: T =296 K: Ai = 9 nm : S !
L .

Scintillation Light Yield E, Stopping
Wavelength Power

N, | 340 nm 140 y/MeV |3.6 eV Low
Ar | 128 nm |40,000 y/MeV |9.7 eV High
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The Future of LArGe

* Further tests, including gas scintillation,
will confirm whether LArGe is ready for
full-scale LAr scintillation experiments.

* Ultra low-background experiments like
LArGe may provide the tools for detecting
new weakly interacting particles or
reactions with very long lifetimes.

* The future is bright...
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Potential Problems:

Energy Resolution

 |deally, energy peaks are narrow, sharp
lines, but in practice, they have some finite
width. . FWHM

<+—P

* R= (FWHM)/H H
 Contributors to

resolution loss include:
— Statistical fluctuations

— PMT characteristics

— Intrinsic crystal resolution

2 Max
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(REFLECTIVE FOIL)

PMT Tests

Photomultiplier Tube
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