Timeline of Research and Products KU HEP

® Work PerFormed Wifh prOF. Graham Wilson hep01m06.s|ider,barrier_asm

hep01mO09,slider,holder.asm

e Hardware & Code: Summer & Fall 2007, Spring 2008

- Software: C++ object classes for boards
Scaler - V560N

QDC - V965

Pulser - VMUSB

Misc. Root macros and C++ algorithms

° ‘Da.l-a & AI’IGIYSI52 Summer, Fa“ 2008 hep01m10-01,slider.par hep09mO007-ring,holder,375.asm

- Verify all experimental techniques and procedures
e Baseline settings envelope

Roofit analysis tools - implemented Beta pdf

Root GUI analysis code - enhanced fitting process

Goal: Compare w/ Brian's GEANT simulation

® Conclusions: Spring 2009

- Resolution effects evaluated
e Optics and system related
e Before and After
- “Bare” PMT
e Light proof enclosure
e Maximum resolution
e Photon capable system




PMT: Scintillator to QDC KU HEP
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Empirical Fitting Example: Bi207 KU HEP

e Empirical fitting of probability distribution parameters (smooth the distributions)
e Record, compare and characterize

% Bi-207 Scintillator Signal

File Edit ¥iew Options [nspect Classes Help -
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Energy Calibration Process

e Equipment Setup: AKA Controlled Techniques
- Signal detection: Plastic Scintillator (PVT)
- Stability and repeatability
e Linearity
e Automation = reliability and consistency
- Rate effects: measurement dead-time

- Multiple features and peaks to pin down energy scale
and resolution

e Standard Spectra
- Internal Conversion Electrons
- Compton Scattering of Gammas

® Sources
- Bi207 v, K, L, M
- Cs137 v, beta
- Sr90/Y90 beta
- TI204 beta
- Cd109 double beta
- Co57
- Co60

- Na22
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KU HEP
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Setup Changes and Trades

Material Changes

e Scintillator: Bc408 to Bc4l8

® Covers
- Paper&tape to none
- None to reflective teflon tape
- Cabinet

® None to Ring w/edge contacts
- reflections and e-scattering?

-

KU HEP

e Air gaps to optical grease Before After
W n A\ n
® Same: PMT - 6mm glass lens faped bare
H H H H FWHM, Asyst, | MC light stat FWHM at | Number | 1+Vg | MC light Nph/MeV
Clrculf InVGShqahonS Test keV keV collection | 1MeV, %/NE electorns collection eff,
® Thresholds, -.18mv to -lmv FWHM,% %
. nake 111.8 15 474 10.3 526 1.17 8.84 6970
°
Gate widths, 100ns to 300ns nake oc 89.5 15 4.15 8.0 1000 1.17 15.64 6482
tyvec 84.7 15 2.75 8.1 848 1.17 15.16 6548
Details tyvec oc 71.4 15 2.24 6.8 1201 1.17 21.84 6436
. Almyoc | 753 15 2.44 7.1 1089 1.17 21.72 5867
e Cleanliness ;
o teflonoc |  67.7 15 1.67 6.5 1237 1.17 20.84 7301
e affected scintillator? 482 keV peak fit
(in prqcﬁce) nake 72.8 0 474 10.1 545 1.17 8.84 7218
nake oc 56.4 0 4.15 7.7 934 IF17 15.64 6992
tyvec 56.3 0 2.75 8.1 853 1.17 15.16 6591
tyvecoc | 48.7 0 224 7.0 113 | 117 21.84 6076
Almyoc | 487 0 244 6.9 1219 1.17 T 6239
teflonoc |  44.1 0 1.67 6.3 1377 1.17 20.84 7733
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hep08s01-single gate, schematic KU HEP
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Pedestal Validation (hep2a01)

Implementation

® Run the system with the “or” gate disabled

- This can be verified by watching the scope and
recognizing which PMT no longer triggers the
gate

- Does allow rare, muon charges which can be
easily identified and subtracted

e Settings Effects
- Monitor the voltage bias of the input
discriminators
- 100ns gate on L-622
- Voltage settings 1500, 2000 and 2500
- Frequencies 10, 1000, 100000, and 2000000,

5000000, 8000000 (max determined by 80%, L-
622 gate width)

- Gate trigger levels, i.e. 1/2 max signal value of
VMUSB
e Estimates: For a gate width of 100ns the
maximum frequency should be:
- 100ns corresponds to 10°6 Hz (10”9 nsec/sec)
- 576 Hz for 50% and 876 Hz for 80%
- Formula for maximum frequency of pulser based
on gate width
e siggate = long(round(this->gatewidth / 12.5));

e delaytime = long((1.0/ this->freqA) * 1e9 -
siggate*12.5);

KU HEP

[ run02-060508:bi207: pedestal | pedhist_xped
Entries 116
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= RMS 1.827
a 30r 12/ ndf 7.827/7
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Pedestals
e Functions of voltage?

e Functions of bias settings, analog fan-out?
- Offset settings: drift/bias goal = 10%

Rate Capability

e Dead time effects - buffer full at

maximum gate rate

e Rate efficiencies detected using scaler

-record all the counts for gate, inputs and pulser
- compare
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Fitting Examples: Bi207

©1600

S

1400

Events /

1200

1000

800

600

400

200 "

0

- f1= 0.918+ 0.011
fokg = 0.1535+ 0.0028

fracleft = 0.761+ 0.013
sigmean = 1793.9+ 1.6
sigwidth = 81.6+ 1.1
splitting = 129.6 + 2.5

III|III|III'III|III|III|III|I

T T T T T PO s A T T TN e Mt 1 VAT TR VAT W R Y T Y CTT VT o - o W g

1500 1600 1700 1800 1900 2000 2100 2200 2300
E,ADC

Compton mean values folded into the parameter fittings

KU HEP
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Conclusions

e Experience, Familiarity and Lessons-Learned
- C++, Root, driving the boards

- Concepts gained
e Event-objects: Types and software evaluations
® Sources, radiation modes and particle-medium interactions

e Detail focus:
- PMT/Plastic scintillator
- Optical effects and system gains

- Resolution increased through configuration changes
- Spectrometry and hardware trades

® Forward Goals
- Additional data runs to evaluate
- Simulation work using GEANT and custom code
- Design an experiment

KU HEP
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