Scintillator studies for an |
active neutron veto for next
generation of SuperCDMS
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My activity

1) Mostly focused:
Scintillator studies for Neutron Veto for the next generation

of CDMS (~200kg deployment of Ge at SNOLAB)
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2) Last weeks:

Muon veto of CDMS Il (Soudan)

40 scintillator panels

Each panel has a PMT



What Is dark matter?
|

Several evidences for dark matter (more than 20% of
Universe)

But Unknown identity

We know that is:
\WERSIYE
Non barionic
Non relativistic

We do not know:
\WERS
Spin
Constituents

Popular candidates->WIMPs (Weakly Interacting Massive particles)

AIM: To detect dark matter



How to detect 1t?

Three ways:
Direct Detection
—

Particle

i Colliders
Detection

sSM
Indirect \*
T

SM
A
DM N DM

Direct detection:
Expected signal is a Nuclear Recoill:

A WIMP elastic scattering deposits small amounts of energy into
recoiling nucleus

->extremely rare events: expected few events per year per ~ton



Background

The background could cover the signal:

-> reduce as more as possible every kind of background

Environmental
radioactivity

Cosmic Rays
Muons
Neutrons

-)

Low levels of radioactive
contaminants

Underground laboratories
Active veto

Passive shielding

Neutrons -> one of the primary WIMPs contaminations



Neutrons |.

Single scatter neutrons are indistinguishable from
WIMPs

Three categories:
1) Internal radiogenic neutrons
2) Cosmogenically produced neutrons proton

neutron

3) Radiogenic rock neutrons ]\, muon
Sensitivity Is increasing:
->necessity to suppress neutron background

-> Necessity to replace the passive
veto with an active veto

UITh/K/Rn

¥
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How to realize an active neutron veto? |.

= Surrounding the internal detector with a scintillator able to detect
neutrons

- Detect neutrons -> load the scintillator with something that
has a high neutron capture cross section

- -> Boron loaded scintillators:
The neutron capture for Boron is: L
o

e
1) YB4+n->7Li+a (6.4%) Thermal
) YB4n-"Li+a ;

*Li —» "Li +vy (478KeV)  (93.7%)

neutron

|Idea->detect a neutron trough the detection of the a particle



Problem...

the energy of the alfa particle produced is of a few MeV

But...
the light output is heavily quenched for an a particle

dL 1 dE

dx dE dx
1+kﬁ

ONE PARAMETER un
TWO PARAMETER —
DATA POINTS |

so the energy of the particle is equivalent to 40-50KeVee

10
PARTICLE ENERGY (MeV)

-> IS needed a scintillator with a high light yield

We are looking also for a good pulse-shape discrimination (PSD)

For this reason CDMS is making an effort to find the best
“scintillator cocktail”



My work |

Several samples of liquid and plastic scintillators doped
with:

- Trimethyl borate (TMB)

- Highly efficient fluorescent dyes (PPO, POPOP, DPA)

~10cm

~10cm

First;

find the best configuration to collect all the light produced in
order to estimate the light yield of the scintillators



Y AMPLIFIER
(~2000V)

SCINTILLATOR DATA ACQUISITION

3

137Cs source:

137Cs > 13’Ba + e~ + v +y(662KeV)  93.5%

137cs > 13’Ba+e 4+ v 6.5%

Evaluation of the gain of the PMT-> LED




Configurations

PLASTIC LIQUID LIQUID - COMMERCIAL SAMPLE

Adapter cone
reflective cap Rectangular vial
White ring Alluminium foll
Acrylic disk —<
reflective cap

20000 25000 30000 35000



Problems encountered

Gain of PMT (Spe mean):

- not only function of HV, mm) - Monitoring the situation
changes during data necessity of other
acquisition ‘ measurements

« Fit sensitive to the range * | have improved the fit

Presence of noise bursts in the data:
« Attempts to remove noise -> still there but situation improved

-channels[0].regions[0].integral

Entries 27857
Mean 62.32
RMS 55.18
%2 I ndf 105.3/94
Prob 0.2005
mean_npe 1.633+0.049
ped_sigma 6.712+0.116
spe_mean 56.31+ 1.45
spe_sigma 36.66 + 1.40
expo_prob 0.02316 + 0.00705
expo_tau 8.726 + 2.279

sample time [us]

Integral [counts*samples]



Problems encountered

Distorsions in the real spectra:

* alarger peak at low . Backscattering ?
energy,
* threshold effect ?
e acutatlow energy, ‘

_ * presence of
« alow energy cut with a

peak at zero energy noise bursts ?

U

* Physical process... Nothing
to do

 Lower the threshold
 Look at those events

« Evaluation of signal to
background ratio for a
50KeV peak




Solid Scintillators

PMT 2000V, Cs137, PVT, adapter cone and reflective cap
Entries 20491

Mean 5115

PMT 2000V, Cs137, PVT, adapter cone and reflective cap
RMS 3222

Entries 101265
Mean 1651
RMS 2576
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4000 6000 8000 10000 12000 16000 18000

Best light output for PVT:
10%PPO, 0.2%POPOP, 10% TMB
10%PPO, 0.2%DPA, 10% TMB

Adapter cone, spe_mean 95, geom 0.009, LY 0.53 smeared

Entries 200
Mean 1.095e+04
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Comparison to a simulation to
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Evaluate the light yield:
LY 0.53

35000

5000 10000 15000 20000 25000 30000




LIQUID Scintillators - LAB T

Linear Alcohol Benzene (LAB) scintillators:
- Find a good configuration -> different vials
« Look at different samples (different concentrations)

h_nolead4

Best:
e 0.1%PPO, 0.0015% bis MSB, 10% TMB

ﬂ“ B - 0.1%PPO, 0.0015% bis MSB, 30% TMB
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LIQUID Scintillators - commercial

Three commercial samples:

PMT 2000V, Cs137, LAB, commercial samples
Entries 935872
Mean 3548
RMS 1731

—— 02-01, 309B5
—— 03-01, 309
04-01, 335

2000 4000 6000 8000 10000 12000 14000

h_file3
Entries 989557

Energy [photoelectrons]




Finally... neutron source

Preliminary measurements with a Cf252 source

I First pulse
Aim:
pulse shape discrimination

Analysis still on working
-> First results:

for one sample we are able to see the alfa peak in one
of the commercial sample

. . LR mEe L
2000 4000 6000 8000 10000 12000 14000 16000 18000
Pulse integral [cts*samps]

-> next effort : see the alfa peak in the LAB sample



Conclusions I.

| took several measurements to:

 To find the best configurations to collect all the light produced

 To find which one of every kind of scintillators have the best
light yield

« Monitor the trend of the gain of the PMT

| have:

« Dealt with the experimental problem we encoutered
 |nvestigated the causes of the spectra distorsion we observed
* Improved the PMT response fit

« Compared the real spectra to spectra from simulations

Future prospect:
* Investigate better the pulse shape analysis



ACTIVE MUON VETO SuperCDMS Soudan

Aim:

Evaluate the muon veto rate for
data between March 2012 and
July 2013 -> anomalous variation

ldea:

Global trigger starts if:
« Several panels of the muon veto register a signal
« Signal in the internal detectors (Zip)

Each panel has a PMT

To study the veto rate:
->Plot the time between two consecutive
veto triggers



VTTime20>-999999 && VTTime19>-999999
:

Entries  2.303955e+0

-| Mean 1.35e+0
Mean y 390
RMS 9.609e+0
RMS y 398

Entries  2.306642e+07
Mean 1.35e+09
Mean y 5054
RMS 9.608e+06
" RMS y 3.382e+04
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3112 01/04 02/07 01/10 3112 01/04 02/07 01/10 3112 3112 01/04 02/07 01/10 3112 01/04 02/07 01/10 3112
date [dd/mm]

date [dd/mm)

Anomalous variation of ~10000us Variation of about ~1600us
Veto rate ~80Hz-370Hz Veto rate ~190Hz-370Hz

Problem -> excluded default values



Degradation of the scintillators?

02/03 02/05 02/07 31/08 31110 3112 02/03 02/05 02/07
date [dd/mm]

VTTraceAmpl4

r-ngmnz'_'\."l Tracosump 14
Entries 1602568
Mean 0.03889
RMS 0.0732

VT TraceAmp4

] i c] & &
[Wiolis] [Volts]

In top and bottom panels we see a little spectrum contraction



FEBTemp [F]

Temperature correlation ?

FEBTemp:EventTime

i hprof_default

. | Entries  2.297136e+07

- Mean 1.35e+09

| Meany

| Rms 9.613e+06
| RMS Y 3.877

—-—

| Region
3/02 05/02 07/02 08/31 10/31 12/31 03/02 05102 07/02

date [mmidd]

(VTTime20-VTTime19).:FEBTemp
:

Entries  2.297476a+
.| Mean 69.
Mean y 39
RMS 3.8
RMS y 39

Found a strong correlation between the veto rate
and the electronic rack temperature of the muon veto

Necessity of further tests!



Conclusions I.

| found :

« The correct dependance on time of the veto rate

« Top and bottom scintillator panels show a degradation with the
passing of time

« Strong correlation between the veto rate and the electronic
rack temperature of the muon veto

The situation seems to be clearer but
necessity of further tests!



Thank you for the attention

and

Thank you to all the staff
who helped me during these mounths










