Cosmic Ray Detector Software

Studying cosmic rays has never been easier...
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Brief History

First cosmic ray detector built at Purdue in about
2005.

We wanted to measure angular distribution of
cosmic rays
— Expected to follow 1+cos20 distribution

The i2u2 web interface couldn’t do it...

— No way to enter the geometry (eg, independent variable,
azimuthal angle)

— No way to graph count rates as a function of angle

We wrote a simple software interface...
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Brief History

e Apparently quite useful:
— You could do experiments in an hour or less
— Fast turn-around time when graphing data
— No need to upload data to i2u2 web site

e Still not applicable to several types of experiments:
— Muon lifetime
— Long term flux measurements
— Looking for air showers

e We wanted more...

— Frank Roetker from Jefferson High School had experience
programming in Java and got the ball rolling...
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Cosmic Ray Detector Java™ Interface 2.0

e Why Java?
— Object oriented, high level language
— Fast to develop powerful graphical user interfaces

— Portable to a wide variety of machines and
operating systems without recompiling

e Disadvantage:
— You first need the Java Runtime Environment

— Easy to install if your IT people will let you...



Cosmic Ray Detector Hardware

What does the cosmic ray detector measure?

Two types of measurements:
— Singles/coincidence counts (rate measurements)

— Times of leading and trailing edges of all pulses occurring
within the adjustable gate

Main controls:
— Selected channels + coincidence level
— Gate width, pipeline delay

Other controls:

— Discriminator thresholds

— Time interval for automatically reading out counters
— GPS information

— Test pulser



Software Design Model

Send commands to the DAQ board
Interpret data sent from the DAQ board
A “stateless” model

Software does not need to remember what state the DAQ board is in
Don’t have to worry about them getting out of sync

The software acts as an intermediary:

Converts units you know and like (eg, nanoseconds or millivolts) to parameters that
the DAQ board uses

Converts units the DAQ board uses (like hexadecimal numbers) to units you like (eg,
nanoseconds, Hertz)

Presents the data in the form of graphs or histograms
Performs some of the more technical analysis of the data

It also saves all the raw data
— You can still upload it to i2u2 for the Cosmic Ray e-lab
— You can export the data and read it into Excel for doing other analyses

It helps you do experiments but it doesn’t do them for you!



Software Overview

Control Panel | Rates Performance | Flux | Muon lifetime |" Ajr shower | Geometrny
serial FJDrTi|jdE\r,ftt\;USBl |Log filEiiCosmicRa\;Detecmr_?—19—2012_16:30:2 1.txt |EM
erial#=6113
DG ,
S 5113 | Update || Reset scalers || Reset board | | GFS | i
Date+Time: 1907412 20:30:43.028
Status: & Cwalidd
Help: PosFix#:. 1
| Page 1 || Page 2 || Barometer || Status | Latitude:  40:25. 820128 N
Longi tude: 086: 54 736058 W
| Trigger | | Setup | | ‘Yoltages | | GPS Lock | ATE tude:  218.697m
Sats used: 7
PPS delay: +0075 msec ((E=1 updates PPS,FPGA data)
GRS status: A pali Sats used: T= degC P= hPa FRGA tine: O4FDGSDA
4 (alid) 7 22.5 g 1020 FPGA freq: 25000001 Hz Cwd Y3, freq histary)
Latitude:  40:25.820128 N Longitude:  0B6:54.786058 W | TSERE: 0
Altitude:  218.697m Time: 19/07/12 20:30;43.028 P SO Clsal et 0000
DT T0=00 T1=C9 TZ=CE T3=00
—_— L
| Scalers: | 202410 L7REOL L] 254898 51231 TL LO=250 L1=250 LZ=250 L3=250
S Y
Y T¥=3000
; 0 BTz 1
Contral registers: | 3 | 71 | 22| | 00) ST Enabied, with scalar data.
5T
ST 1020 4225 +078 3353 203043 190712 4 07 0304E529 107 5113 D03B3600 O032F13F
T 00 | ol | g a0 DS 00044132 O00BC939 O00S9EE3 D0NSE3EZ ODODEFZF
: S S M53C555C 80 00 24 00 00 00 00 00 D3D4ES29 203043.028 190712 4 07 0 +0078
N53C555C 31 00 00 00 30 00 00 00 0304E529 205043.028 190712 & 07 0 +0075
Trigger N53C555C 00 00 00 00 00 00 38 00 0304E529 203043028 190712 4 07 0 +0078
N53C5550 00 20 00 21 00 23 00 25 D304E529 205043028 190712 & 07 0 +0076
- . 1574456 &0 00 36 00 00 00 00 00 O552506& 203044020 190717 4 07 0 +0070
ech 1 gch 2 [ch 2 [lch 4 Coincdence [avel EE 574456 3E 00 00 00 3E 00 00 00 05525066 203044020 190712 4 07 0 +0070
574645 00 27 00 00 00 00 27 00 05525066 203044020 190712 4 07 0 +0070
[ . _ 574B45C 00 00 00 20 00 00 00 00 05525066 203044.020 190712 4 07 0 +0070
Cate width: | 500|  ns Pipeline delay. | 50/ ns D574B45C 00 00 00 00 00 00 00 30 05525065 203044 020 190712 & 07 0 +0070
N574B45C 00 00 00 00 00 39 00 00 05525068 205044020 190712 4 07 0 +0070
DEZ16664 B0 00 25 00 00 00 00 00 05525066 203044020 190717 & 07 0 +0070
6216864 29 00 00 00 2F 00 00 00 DS52506G 205044020 190712 4 07 0 +0070
Threshold, |[_25.0] [ 25.0][ 25.0f[ 25.0f m¥ 6216664 00 00 00 00 0O 00 32 00 O5525DEG 203044020 190712 A4 07 0 +0070
6216864 00 3F O0 38 00 3B 00 3E 05525068 203044020 190712 4 07 0 +0070
6296669 80 00 36 00 00 00 00 00 05525065 203044.020 190712 & 07 0 +0070
o hi - timeinterval [ 1] min DE2966E9 3C 00 O0 00 3F 00 00 00 OS52506% 203044020 190717 4 07 0 40070
& With scalers | w _ DE2966E4 00 00 00 00 00 00 22 00 05525066 203044.020 190712 & 07 0 +0070
DEZ966EA OO 2C 00 24 00 20 00 00 05525066 203044020 190712 4 07 0 +0070
E296664 00 00 00 00 00 00 00 33 05525066 203044020 190712 4 07 0 +0070
Data outpaut: | Enable | | Dizanle | 7294559 80 00 2E 00 00 00 00 00 DACFDSAG 205045.028 190717 & 07 0 +0076
i 7294553 33 00 00 00 35 00 00 00 O5CFDSAS 203045.028 190712 4 07 0 +0078
07294559 00 00 00 00 00 00 34 00 OGCFDSAG 205045.028 190712 & 07 0 +0075
7294554 00 21 00 21 00 27 00 21 DACFDSAS 203045028 190712 4 07 0 +0078
Test pulser: | off | | once | | Cantinuous | ‘foltage: | 3000 m¥ D7F5SSDAE 80 00 2E 00 00 00 00 00 OSCFDSAS 203045.028 190712 4 07 0 +0078
N7FSSDAE 34 00 00 00 36 00 00 00 DACFDSAS 203045028 19071Z 4 07 0 +0078
" — D7FSSDAE 00 00 00 00 00 00 30 00 OGCFDSAS 205045028 190712 & 07 0 +0075
| R | | Ggies || Majorit | O7FSSDAF OO0 20 00 25 00 00 00 27 D6CFDSAS 203045 028 190712 4 07 0 +0078
N7FSSDAF 00 00 00 00 00 23 00 00 OGCFDSAG 203045.028 190712 4 07 0 +0078
Cormmand,| | ]
i |k




Software Overview

e B

‘ Control Panel iRales Pen’nrmance “Flux | | Muon lifetime mrshower Geometry
/

pa S R [Log file: CosmicRayDeIgLlOr Zal dmdbrdnt ™SI T 11 JEzriawesm
6113 ’ Update H Reset scalers H Reset board H GPS |
* Different tabs select
Help: l Page 1 H Page 2 H Barometer H Status ‘ : -
| Trigger || sewp || vomages || cpsiock |

different ways to interac
GPS status. A (valid) = Satsused: 7 | T= 225 degC P= 1020 hPa . z : e
Latitude:  40:25.820128 N Longitude: 086:54.786058 W [ ‘
Altitude:  218.697m Time: 18707712 20:30:43.028 W I th t h e d ete Cto r

203410 575801 367539 254898 61231 . R ugh |y CO rres pond to
Conral registers: || 3F [ 73] [ 32][ 00|

Timing registers: oo [__cof[  cg 00

Trigger

Ch.1 [¥ICh. 2 [¥cCh. 3 Ch. 4 Coincidence level: EE]

Gate width: 500/ ns Pipeline delay. 50|

—— - — -

Thresholg; | [__25.0] [ 25.0] [ 25.0/[ 25.0 mV N6216864 00 DO 00 00 00 00 32 00 05525068 203044.020 190712 A 07 0 +0070

D6Z16564 00 3F 00 38 00 3B 00 3E 05525065 203044.020 190712 A 07 O +0070

D62966B9 80 00 36 00 00 00 00 00 05525068 203044 020 190712 A 07 O +0070

Status outpUt  [with scalers | time interval: [ 1] min NE2966E9 3C 00 00 0O 3F 00 00 00 0S52SDES 203044.020 190712 A 07 O +0070

B With scalers : 1 DE2966BA 00 00 00 00 00 00 22 00 05525068 203044.020 190712 A 07 0 +0070

6296684 00 2C 00 2A 00 2D 00 00 05525068 203044020 190712 A 07 0 +0070

DE2966BA 00 00 00 00 00 00 00 33 05525068 203044.020 190712 A 07 O +0070

Data output: ‘ Enable [ l Disable ‘ 07294559 80 00 2E 00 00 00 00 00 OGCFDSAS 203045028 190712 A 07 O +0078

07294559 33 00 00 0O 35 00 00 0D OGCFDSAS 203045028 190712 A 07 O +0078

07294553 00 00 00 00 00 00 3A 00 OGCFDSAS 203045028 190712 A 07 O +0078

7294554 0D 21 00 21 00 27 00 21 OGCFDSAS 203045028 190712 A 07 O +0078

Test pulser: [ off H Once H Continuous ‘ Voltage: | 3000 mV 7FSSDAE 80 00 2E 00 00 00 00 00 OSCFD5AS 203045.028 190712 A 07 0 +0078

N7FSSDAE 3¢ 00 00 00 36 00 00 0D OGCFDSAS 203045028 190712 A 07 O +0078

. — N7FSSDAE 0D 00 00 00 00 00 3C 0D 06CFDSAS 203045028 190712 A 07 0 +0078

| Reset || singles || Majority | D7FSSDAF 00 20 00 25 00 00 00 27 OSCFDSAS 203045.028 190712 A O7 O +0075

D7FSSDAF 00 00 00 00 00 28 00 00 OSCFDSAS 203045028 190712 A 07 O +0078

Commanct:| | o

< 1




First Things First

" Flux | Muon lifetime | Air shower | Geometry

’-- Ul ates

| serial Dﬂﬂil,/'dev,'u\,d.ISBl |Log ilEZ[CosmicRayDelec:nr_?-19-2012_16:30:2 1.txt

SN

erial#=6113
DG

m Opdate [ Reset scalers H Reset board H GPS i

Help: I Page 1 H Page 2 H Baromg: o

I Trigger H Setup H Yoltage

GPS status: A (valid) Sats used: 7

Latitude: | 40:25.820128 N Longity:
Altitude:  218.697m Time:

303410 575801
Control registers: || 3F [ 71] []
Timing registers: 00 [ col[]

Trigger

[Wlch. 1 WIcCh 2 [¥ICh. 3 [WIch. 4 Coip

Gate width: 500/ ns Pipeline df =

Threshold: || 25.0] [ 25.0] [ 25.

(.

Status output:  [with scalers ﬂ time interval: 1| min

Data output: ‘ Enable H Disable! ‘

Test pulser: ! off || Anca ” GHptieE ‘ Voltage: | 3000| mY

| Reset || singies || majority |

Commanct:| |

3

06296689 80 00
06296689 3C 00
D62966BA 00 00
D62966BA 00 2C
DE2966BA 00 00
07294559 80 00
07294559 33 00
07294559 00 00
07294554 00 21
07FSSDAE 80 00
D7FSSDAE 34 00
D7FSSDAE 00 00
D7FSSDAF 00 20
D7FS5DAF 00 00
o

36 00 00 00 00 00 05525068 203044.
00 00 3F 00 00 00 05525068 203044.
00 00 00 00 22 00 05525068 203044.
00 24 00 2D 00 OO 05525068 203044 .
Q0 00 00 00 00 33 05525068 203044.
203045,
203045,
203045.
203045.
203045,
203045.
203045.

2E
Qo
1]
00
2E
00
oo
]
Juli]

00
a0
00
21
o0
00
o0
25
00

00 00 00 00 06CFDSAS
35 00 00 00 O6CFDSAS
00 00 3A 00 O6CFDSAS
00 27 00 21 O6CFDSA8
00 00 00 00 06CFDSA3
36 00 00 00 06CFDSAS
00 00 3C 00 06CFDSAS

g-slrst you need toopen the

020
020
020
020
0za
028
028
0z8
028
028
028
028

00 00 00 27 06CFDSAS 203045.028
00 28 00 00 06CFDSAS 203045.028

4363600 0032713F

2 &J07 0 <0078

190712
190712
190712
180712
190712
190712
190712
190712
190712
190712
190712
190712
190712
190712

A

A
A
A
A
A
A
A
A
A
A
A
A
A

07 0 +0078
07 0 +0078
07 0 +0075
07 0 +0070
07 0 +0070
+0070
+0070
+0070
+0070
+0070
+0070

+0070
+0070
+0070
+0070
+0070
+0070
+0070
+0078
+0078
+0078
+0078
+0078
+0078

0 +0078
07 0 +0078
07 0 +0078

[ e R e B e e o R B e e e B o e e e B e R = I = R

|
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First Things First

Update Reset hoard GPS DG
DatesTime: 19/07/12 20:30:43.028

~—_

|Log file:[CosmicRayDetector_7-19-2012_16:30:2 L.txt |BN _
er

Serial port:|jdev/ityUSEL

SIN:

6113

Help: | Page 1 H Page 2 H Barometer H Status |

[ e | vt |- | e All data received is
GPS status: A (valid) Sats used: 7 T= |22.5 degC P= 1020 hPa Stred ina file.

Latitude: | 40:25.820128 N Longitude:  086:54.786058 W
Altitude:  218.697m Time: 19707/12 20:30:43.028

203410 575801 367529 254898 61231 ! .
g | - - the i2u2 web site for t
Timing registers: 00 | (&) | CE| 00 ; : : ‘ : : P

Trigger

Ch.1 [¥Ich. 2 [¥Ch 3 Ch. 4 Coincidence level: EE]

Gate width: 500/ ns Pipeline delay so| ns

TI7AEATC OU U0 U0 U0 U0 35 U0 U0 UB5CoDes cosuad. Uey 100712 A 07 0 o000

6216364 50 00 25 00 0O 00 00 0D 05525065 203044.020 190712 A 07 O +0070

06216864 29 00 00 00 2F 00 00 0D 05525068 203044.020 190712 A 07 O +0070

Thresholg; | [__25.0] [ 25.0] [ 25.0/[ 25.0] m¥ N6216864 00 0O 00 00 00 00 32 00 05525068 203044.020 190712 A 07 0 +0070

D6Z16564 00 3F 00 38 00 3B 00 3E 05525065 203044.020 190712 A 07 O +0070

D62966B9 80 00 36 00 00 00 00 00 05525068 203044 020 190712 A 07 O +0070

Status outpUt  [with scalers | time interval: [ 1] min 629669 3C 00 00 00 3F 00 00 00 0S525DES 203044.020 190712 A 07 O +0070

B With scalers : 1 DE2966BA 00 00 00 00 00 00 22 00 05525068 203044.020 190712 A 07 0 +0070

DE29666A 00 2C 00 24 00 2D 00 00 05525068 203044 020 190712 A 07 O +0070

DE2966BA 00 00 00 0O 00 00 00 33 05525068 203044.020 190712 A 07 O +0070

Data output: 1 Enable [ [ Disable I 07294559 80 00 2E 00 0O 00 00 00 OGCFDSAS 203045028 190712 A 07 O +0078

07294559 33 00 00 0O 35 00 00 0D DGCFDSAS 203045028 190712 A 07 O +0078

07294553 00 00 00 00 00 00 3A 00 OGCFDSAS 203045028 190712 A 07 O +0078

7294554 0D 21 00 21 00 27 00 21 OGCFDSAS 203045028 190712 A 07 O +0078

Test pulser: [ off || Once ” Continuous [ Voltage: | 3000 | mV N7FSSDAE S0 00 2E 00 00 00 00 00 DSCFD5AS 203045.028 190712 A 07 0 +0078

N7FSSDAE 3¢ 00 00 00 36 00 00 0D OGCFDSAS 203045028 190712 A 07 O +0078

. — N7FSSDAE 0D 00 00 00 00 00 3C 0D D6CFDSAS 203045028 190712 A 07 0 +0078

| Reset || singles || Majority | D7FSSDAF 00 20 00 25 00 00 00 27 O6CFDSAS 203045.028 190712 A O7 O +0075

D7FSSDAF 00 00 00 00 00 28 00 00 O6CFDSAS 203045028 190712 A 07 O +0078

Commanct:| | o

q >




The Control Panel

The Control Panel lets you control all aspects of
the DAQ electronics

Buttons send commands, text fields display the
results

This is the main way to configure it for different
experiments

Some controls you may never need to use (eg,
the “Control registers”)

Some of the same controls appear on other tabs



The Control Panel

[ “Control Panel | Rates | Performance | Flux | Muon lifetime | Air shower | Geametry |

Serial port:[jdev/indISe1 |Log file:{CosmicRayDetector.7-19-2012_16:30:21.0a [n
Berial#=6113
6113 l Update I I Reset scalers J [ Reset board l [ GPS | DG
Date+Time: 19/07/12 20:30:43 028
Status A Galid)
Help: PosFix# 1
2 i Page 1 !I Page 2 ” Barometer H Status ‘ Lavitude: 4025 820128 N
Long tude: 03654, 786058
| trigger || sewn || vonages || cesiock | Altiwde: 218.697n
Sats used: 7
PPS delay: +0078 msec (CE=1 updates
5 - 2 _ FPGA time: DAFDIDA
GFS stelust jagalid) | Satsused. jp | = (22,50 | deg€ P= {1020 | hPa FPGA freq: 25000001 Hz T freq history)
Latitude: | 40:25.820128 N Longitude: 086:54,786058 W Skl
Altitude:  218.697m Time: [19/07/12 20:30:43.028 pC oz (=32 300
/ T T0-00 T1=C9 T2<CE T3-00
n
Scalers: 303410 575801 367533 254898 61231 TL L0=250 L1=250 L2=250 L3=250
l
TV Tv-3000
5121
Control registers: | 3F [ 71 [ 32[[ oo ET Enatited, vith scalar data.
51
KT 1020 +225 +078 3359 203043 190712 4 07 0304E529 107 6113 00p#3600 0032713F
T oo/ [ co[ <8 00 S 00044132 0008CS39 O00S9BE3 ODO3E3B2 OOOOEF2F
; —— T 1D53C555C B0 00 24 00 00 0O 00 00 03D4E529 203043028 b 07 0 +0078
PS3CS55C 31 00 00 00 30 00 00 00 03D4ES29 203043028 2 4 07 0 +0078
Trigger 53CS55C 00 00 00 00 00 00 38 00 O3D4ES29 203043028 2 4 07 0 +0078
DS3CS550 00 20 00 21 00 23 00 25 03DESZY 203043 0; 2 4 07 D +0078
5748456 50 00 36 00 00 00 00 00 05525068 203044 A 07 0 +0070
ch.1 palichi2 bdch. 2 ch s Ceincidence [evel 5748456 3E 00 00 00 3E 00 00 00 05525068 20309 A 07 0 40070
D574B45C 00 27 00 00 00 00 27 00 05525068 2 020 A 07 0 +0070
e - 0574B45C 00 00 00 20 00 0O 00 00 05525068, .020 130712 A 07 0 40070
Gate width: 500, ns Pipeline delay. 50/ ns 1574B45C 00 00 00 00 00 00 00 30 055250, 020 190712 A 07 0 +0070
1P574B45C 00 00 00 00 00 39 00 00 O 020 190712 A 07 0 40070
6216864 80 DO 25 00 00 00 00 00 Q) .020 190712 A 07 O 40070
i | 6216864 29 00 00 00 2F 00 00 00 .020 190712 A 07 0 +0070
Threshola: || 25.0] [ 25.0[ 25.0] [ 25.0] m¥ DE216864 00 00 00 00 00 00 32 00 05525068 203044020 130712 A 07 0 +0070
6216864 00 3F 00 38 00 38 00 3E 05525068 203044 020 180712 A 07 0 +0070
6206689 50 00 36 00 00 00 00 00 05525068 203044.020 180712 A 07 0 +0070
Status output:  [ars timeinterval: [ 1] min P62066B9 3C 00 00 00 3F 00 00 00 05525DE8 203044.020 180712 A 07 0 +0070
P LIS e ﬂ 1 P62966E4 0O 0O 00 00 00 DO 22 0D 05525068 203044 020 190712 A4 07 O +0070
6296584 0O 2C 00 2A 00 20 00 00 05525068 203044 020 180712 A 07 0 +0070
6206684 00 00 00 0D 00 00 00 33 05525068 203044.020 180712 A 07 0 +0070
Data output [ pnapie Disable D729A559 50 0O 2E 00 00 00 00 00 OSCFDSAS 203045.028 190712 A 07 O +0078
' 7204559 33 00 00 00 35 00 00 00 0SCFDSAS 203045 028 190712 A 07 0 +0078
7294559 00 00 00 00 00 00 3A 00 0SCFDSAB 203045 028 130712 A 07 0 +0078
A — N729A554 00 21 00 21 00 27 00 21 OSCFDSAS 203045.028 190712 A 07 0 +0078
Test puiser: \ off ] ‘ Once ‘ [ Continuous | Vohtage: | 3000| mv D7FSSDAE 50 00 2E 00 00 D0 00 00 OSCFDSAS 203045028 190712 4 07 O +0078
D7FSSDAE 34 00 00 00 36 00 00 00 OSCFDSAS 203045 028 130712 A 07 0 +0078
’ o D7FSSDAE DO 00 00 00 00 0O 3C 0O OGCFDSAB 203045 028 180712 A 07 0 +0078
\ S H Singles ‘ i Haiodty J D7FSSDAF 00 20 00 25 00 00 00 27 OGCFDSAS 203045.028 180712 A 07 O +0073
D7FS5DAF 00 00 00 0D 00 28 00 0 OSCFDSAB 203045.028 130712 A 07 0 +0078

Comman:] |

1]

e Buttons
e Text fields

Output window
(which you can
usually ignore)
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Simple Example

ontrol Panel | Rates | Performance | Flux | Muon lifetime | Air shower | Geometry |

Serial port:{;dev/iyse1 |Log file:{CosmicRayDetector_7-19- P12 Te S0 e

6113 l Update H Reset scalers I Reselboai'J GPS

Help: i Page 1 “ Page 2 ” Barometer ” Status ‘
| trigger || sewn || vonages || cesiock |
GPS stalus: A pwalid)  Satsused: 7 | T= 225 deaC P= 1020 | hPa
Latitude:  40:25.820128 N Longitude:  086:54.786058 W
Altitude:  218.697m Time:  19/07/12 20:30:43.028
T 303410 575801 | 367539 254898 61231
Cantrol registers: | | 3] | 71 | 32| | 00]
Timing registers: oo [ ol e 00
Trigger
Ch.1 @ICh 2 [ICh. 3 @ch 4 Coincidence level:
Gate width: 500| ns  Pipeline delay: 50| ns
Threshola: || 25.0] [ 25.0[ 25.0] [ 25.0] m¥
Status output; time interval: 1| min
Dataoutput: | Enape Disable
Test pulser: \ off I ‘ Once ‘ L Continuous | Votage: [3000] mv
\ Reset I I Singles ‘ i Majority J
Comman:] |

Date+Time: 19/07/12 20:30:43.028

Status A (valid)
PosFix#: 1
Lati tude: 40:25.820128 N

Longi tude: 086:54. 785058 ¥
Altitude: 218.657m

Sats used: 7

PPS delay: +0078 msec
FPGA time: D4FDESDA

FPGA freq: 25000001 Hz
ChkSunErr: 0

C
DC C0=3F Cl=71 (2=32 (3=00

L0=250 L1=250 L2=250 L3=250
™ Tv=3000

BT 21

BT Enabled, with scalar data.
5T

S 00044132 0008C939 00059BB3 0003E382 OOODEFZF
D53C555C B0 00 24 00 00 00 00 00 O3D4ESZ9 203043

N574B45C 00 00
N574B45C 00 00
D574B45C 00 00
06216864 50 0O
N6216864 29 00
DE216864 00 00
06216864 00 3F

o0
0o
39
oo

30 05525068 203044
00 05525068 203044
00 05525068 203044

88888Y883848

00
00 32 00 05525068 203044
3B 00 3E 05525068 203044

88883KM388KM2388K388k88888¢488

D53CS55C 31 00 00 O oo 00 03D4E529 203043
053C555C 00 00 00 00 03D4ES529 203043
N53C5550 00 20 23 25 03D4ES29 203043
5746456 50 00 00 00 05525068 203044,
5748458 3E 00 oo 00 05525068 203044,
0574B45C 00 27 oo 00 05525068 203044

00 05525068 203044,

00 05525068 203044,

0 30
0 00
100
0 00
0 3E
0 00
D 00
0 00
0 00
0 00
0 2F
0 00
8 00
0 00 00 00 00 05525068 203044,
0 3F
0 00
A 00
0 00
0 00
0 35
0 00
100
0 00
0 36
0 00
S 00
0 00

D6236689 50 00

NE296669 3C 00 00 00 00 05525068 203044,
DEZ966E4 00 00 00 22 00 05525068 203044
DE296664 00 2C 2D 00 00 05525D68 203044
6296664 00 00 00 00 33 05525068 203044
N729A559 50 00 00 00 00 06CFDSAS 203045
D729A559 33 00 00 00 00 05CFDSAS 203045
N7294559 00 00 00 3A 00 06CFDSAS 203045
N729A554 00 21 27 00 21 06CFD5AB 203045.
D7FSSDAE 30 00 00 00 00 O6CFDSAS 203045,
D7FSSDAE 34 00 00 00 00 06CFDSA8 203045
D7FS5DAE 00 00 00 3C 00 06CFDSAB 203045
D7FSSDAF 00 20 00 00 27 O6CFDSAB 203045,
D7FSSDAF 00 00 28 00 00 05CFDSAB 203045

(CE=1 updhtes PPS,FPGA dat;

@Cmd V3, freq history)

028

.028

028
028
020
020
020
020
020
020
0z0
020
0z0
0z0
020
020
020
020
020
028
028
028
028
028
028
028
0z8

.028

BT 1020 +225 +078 3359 203043 190712 A4 07 0304E529 107 6113

190712
190712
130712
190712
190712
190712
180712
190712
130712
190712
190712
150712
190712
190712
180712
150712
190712
180712
190712
190712
190712
180712
190712
190712
180712
190712
190712
130712

363600 0032713F

1]

Push the “GPS”
button

It sends “DG”
to the DAQ
board,

Parses the
output,
Displays the
results
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Main Controls

(“Control Panel | Rates | Performance | Flux | Muon Iifetime | Air shower | Geometry | L] Tr|gger CcoO ntrOIS
Serial port:fjdeviyUsel |Log file:{CosmicRayDetector_7-19-2012_16:30:2 1.1xt [n
erial#=6113

d — Selected channels
— Coincidence level

Sats used: 7 - Gate Width

o T o

" , s izemy — Pipeline delay

6113 l Update H Reset scalers H Reset board H GPS | DG
Date+Time: 19/07/12 20:30:43 028
Status A Galid)

Help: [ Page 1 [I Page 2 ” Barometer ” Status ‘ E:iflz:é‘ [40‘25 820128 N

| trigger || sewn || vonages || cesiock | e R e

PPS,FPGA data)

GPS status: A (valid) =~ Satsused: 7 | T= 225 degC P= 1020 FhoA e 2eomot iz

Latitude: | 40.25.820128 N Longitude: | 086.54.786058 W Skt
Alitude:  218.697m Time: 19/07/12 20:30:43.028 pe . . .
3 e Discriminator

L1=250 L2=250 L3=250

Scalers: 303410 575801 367539 254898 651231 T

TY=3000
1

Control registers: | 3F| ‘ 71 | 32| ‘ 00| g} gnah'!ed, with scalar data.
5T 1 1
5T 1020 +225 +078 3359 203043 190712 A O 29 107 6113 00363600 0032713F —_ 25 mV IS a nice

; ool @[ g oo S 00044132 OODBCS33 ODOSOEE3 003 SarO0EF
Lioning Fenisiers; [ ol DS3CSS5C 50 00 24 00 00 0D 00,38 190712 4 07 0 +0078

A
DS3CSSSC 31 00 00 00 335#0 00 03D4ESZ9 203043.028 190712 A 07 O +0078 num ber
Trigger 53C555¢ Qo 00 38 00 O3D4ESZ9 203043026 190712 A 07 O 40078
053C5550 0020 T0 21 00 23 D0 25 03D4E529 203043 028 130712 A 07 0 +0078
- : 0574544650 00 36 00 00 00 0O 00 05525068 203044 020 130712 A 07 O +0070
[Eich. 1 gl chiz |iich: 3 R ch.4 Chincilence level; 746455 3€ 00 00 00 3E 00 00 00 05525068 203044.020 190712 A 07 O +0070 ° H
0574B45C 00 27 00 00 00 00 27 00 05525068 203044020 190712 A 07 O +0070 - a u S p rI n O u
) _ 0574845C 00 00 00 20 00 DO DO 00 05525068 203044 020 130712 A 07
Gate width: 500, ns Pipeline delay. 50/ ns 0574B45C 00 00 00 00 00 00 00 30 05525068 203044020 .
0574B45C 00 00 00 0O 0O 39 00 00 05525068 0712 A 07 0 +0070
P6216864 50 00 25 00 00 00 0O 203044020 190712 A 07 0 +0070 pe rl Od
29 00 40070

| | DE216864
Threshoig; || 25.0] [ 25.0/[ 25.0] [ 25.0] mv pez
16864

Status output: n time interval: 1| min

00 00 DO 32 00 05525068 203044 020 190712
00 3F 00 38 00 3B DO 3E 05525068 203044 020 190712

A

A
00 05525068 203044020 190712 A 07

A

A

+0070
D62966B9 50 00 36 00 00 00 00 00 05525068 203044 .020 190712 A 07 0 +0070 -_ Used for fI uX

i}
0
0
0
0
0
06296669 3C 00 00 00 3F 00 00 00 05525D68 203044020 190712 A 07 0 +0070
o
0
0
<}
0

06296664 00 00 00 00 OO0 OO 22 00 05525068 203044 020 190712 A 07 0 +0070 t
D629666A 00 2C 00 2A 00 20 00 00 05525068 203044.020 190712 A 07 0 +0070 I I l l I I
6296684 00 00 00 00 0D 00 00 33 05525068 203044020 190712 A 07 O +0070 easurements
Oata 0wt [ gnapie || Disave | [729A553 50 0 2E 00 00 0O 0O 00 OGCFDSAS 203045.028 150712 A 07 O 40078
6 i 203045 028 190712 A 07 0 +0078
7294559 00 00 00 00 00 00 34 0D O6CFDSAR C0RHA Cee °
R — [729A55A 00 21 00 21 00 27 DO 21 DECFDSAS 203045.028 150712 A 07 O +0078 ata ou p u
Test puiser: \ off ] ‘ Once ‘ L Continuous | Vohtage: | 3000| mv D7FSSDAE 50 00 2E 00 00 D0 00 00 OSCFDSAS 203045028 190712 4 07 O +0078
[7FSSDAE 34 00 00 00 36 00 00 0D OBCFDSAS 203045 028 130712 A 07 0 +0078
: — [17FSSDAE 00 00 00 00 00 00 3C 00 DFCFDSAB 203045 028 190712 A 07 0 +0078 .
\ S “ Singles ‘ [ Majortty J D7FSSDAF 00 20 00 25 00 00 00 27 OGCFDSAS 203045.028 180712 A 07 O +0073 —_ En a ble It to get the
D7FSSDAF 00 00 00 00 00 28 00 00 O6CFDSAS 203045.028 190712 A 07 O +0078
S ' leading/trailin
" B g g

- : . edge data.
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Rate Panel

rCDntrol Panel rRates r Performance r Flusx r Muon lifetime rAir shower rGeometr\x |

Channel 1:
Channel 2:
Channel 3:
Channel 4:

Coinciclence:

Count
262
449
216
243
107

Fate {Hz)
17.47
33.27
21.07
1620
7.13

[W]ch 1 [WlCh 2 [¥]Ch 2 [¥]Ch. 4

Independent variakle; |Channe| 1 woltage )

625
60.0
575
55.0
525
50.0
475
45.0
425
40.0
375
35.0
323
30.0
27.3
25.0
225
20.0
175
15.0
125
10.0

75

5.0

25

0.0

Rate (Hz)

Craph

\\
(8]

EOOOR

Coincidence level: EE

RN R
vyt [ )
' '25.0 500 759

100.0

Y

/

| [753

Count rates

|| add Clear

650

660

670 =1}

[3=1] 700 710 720 730

740 750 760

770
Channel 1 valtage (V)

780 790 800 810 820 830 840 850 860

m Channel 1 & Channel 2

Channel 3

Channel 4 = Coincidence

17



Rate Panel

This closely resembles the old “Cosmic Ray Detector 3.0”
program:

— |t measures count rates and coincidence rates in a specified
time interval

Now it can graph the results for you
Select which channels to put on the graph
Independent variable is not specified... you can pick
anything you want!

— PMT voltage (eg, plateauing exercise)

— Which floor of the building you are on

— Azimuthal angle

— Distance between the scintillators

— Altitude (if you can fly the detector in an airplane)
— ?7?



Plateauing Example

fControI Panel rRates r Performance r Flux r Muon lifetime rAir shower rGeometr\z |

Count Rate (Hz) craph .
Channel 1: 262 17.47 \ Plot pOIntS Only for
% 0 {channelland the -
chamel 4 263 620 | O coincidence rate. 4-fold coincidence:
Coincidence: 107 7.1z

Wich 1 Wch 2 Wich 3 Wch 4 Coincidence level EE the triggen

only real cosmics fire

Time (sec): [15.0
Independent vari@.  [Channel 1 volage ¢ )

62.5
60.0
57.5
55.0
525
50.0
475 . e
45.0 . =
425
40.0 v -

375 - =

35.0

325 ¥
30.0

27.5 i i
3mglgs CO:;T Fate ; Plateau — channel
ampinated by nolse. 1 is fully efficient.

Rate (Hz)

175

]
. [
150 g /
10.0
75 # PR

5.0 L
2.5 ™ -
0.0 =

650 660 670 680 690 700 710 720 730 740 750 760 770 780 790 800 810 820 830 840 850
Channel 1 voltage (V)

® Channel 1 & Channel 2 Channel 2 Channel 4 = Coincidence

860
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Performance Pane

Flux [ Muon lifetime | Alr shower | Geometry

——- Statistics -—— Channel 1
valid GPS: 1000 % | _ i
Pulses analyzed: 9620 | 1n?%
5 300
167 |
: »w 200
156 Lo
: S | = 100
Scalers not updating: 1 | E
) . : & T i i ! i !
‘Sealersreset: g | o 5 10 15 20 25 30 35 40 45 50 55 8O B5 Y0 75 80 85 80 95 100 105
Time over threshold (ns)
Channel 2
w i
v 500
In 400
@
2 300
8 200
I:%mc
a i i i ) i L] ; ] i i ! i |
0 5 10 15 20 25 30 35 40 45 S50 55 &0 65 70 7S5 80 85 90 95 100 105
Time over threshold (ns)
Channel 3
] i ] 3 E
=
n 300
o
a
o 200
w
a
‘= 100
B
i
. L | !
o 5 10 15 20 25 30 35 40 45 S50 55 &0 65 70 75 80 85 90 95 100 105
Time over threshold (ns)
Channel 4
n i i i i
=
17 300
e
a
2 200
wi
a
£ 100
i
a K =t i
o 5 10 15 20 25 30 35 40 45 S0 S5 60 65 70 7S 80 B85 20 95 100 105
Time over threshold (ns)

-_— —




Performance Panel

Makes histograms of time-over-threshold
Don’t forget to enable data output!

Checks data stream for:
— Valid/invalid GPS data
— Rising orphans (pulses that are cut off by the gate)
— Falling orphans (pulses that arrived before start of the gate)
— Number of times the counters didn’t change
— Number of times the counters were reset

Roughly corresponds to criteria used to “bless” data sets uploaded
for the cosmic ray e-lab

Examples:

— Compare time-over-threshold distributions as the discriminator threshold
is changed...

— Compare distributions with single and 4-fold coincidence.
— Are noise pulses and pulses from cosmics the same or different?



Flux Panel

lifetime

Rate (Hz)
PR R
(=R

W w
[T

P
[1: [ =]

o e e
[ I SN s < ]

Count rates ('Hz')

20:20 20040 21000 21:20 21040 2200 22:20 2240 23:00 2320 2340 00:00 00:20 00:40
GFS time

== Channe| 1 == Channel 2 — Channel 3 Channel 4|

Coincidence

Temperature (deg C)
rad
v

L Y Y ) |
=Y Y R

== R
(%, T, Y

(=]

Temperature/Pressure

20:30 2100

rate (Hz)

2130

22:00

22:30

2300

GPS time

2330

— Temperature — Frassure

0000

00:30

(B4U) 2unssadd

20:30 20:45 21:00 21:15 21:30 21:45 22:00 22:15 22:30

22:45 23:.00

GFS time

e

2315

23:30

23:45

00:00

0018

00:30

00:45
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Flux Panel

 Produces long-term graphs of count rates vs time.
e Also graphs barometric pressure and temperature vs time.

T G
| Caontrol Panel | Rates | Performance | Flux [ Muon lifetime |

Ajr shower | Geometry

Serial port:|;dev/ 5B |Lng file:|CosmicRayDetertar_7-19-2012_16:30:2 1 txt |#e1ca7ag &0 00 39 00 OO0 00 0O OO 45852400 003356, 030 200712
MEICATAS 23 00 00 00 00 00 00 00 458524C0 003356.030 200712

+0050 -
+00E0
+00a0
+0050
+0080

—— MEICA7AS D0 32 00 35 00 00 00 0 458524C0 003356.030 200712
SiM 5113 ‘ Update | ‘ Reset scalers ‘ | Reset hoard ‘ | GF3 | MEZ64CEE B0 00 2F 00 00 00 00 00 458524C0 003356.030 200712
MEZE4CEE 35 00 00 00 00 00 00 00 458524C0 003356.030 200712

“EZE4CEF 00 00 00 2E 00 00 00 00 45852400 003356.030 200712 A 07 0 +0050
Help ‘ Page 1 H Page 2 H BaramBter ‘ ‘ Statls ‘ H6ZE4CEF 00 34 00 00 00 00 00 00 45852400 003356030 200712 4 07 0 +0050
MBAGEA934 B0 00 00 00 26 00 00 00 45852400 003356 030 200712 A 07 0 +0050
HERE493A 00 00 00 00 00 00 35 00 45852400 003356 030 200712 A 07 0 +0050

+0050
+0050
+0050

‘ Trigger ‘ ‘ Setup || Woltages ‘ ‘ GPS Lotk | #6E640934 00 00 00 00 00 3E 00 00 45852400 003356.030 200712
46664036 00 00 00 00 00 00 00 20 453524C0 003356.030 200712
@6EF13C0 80 00 00 00 33 00 37 00 458524C0 003356030 200712

% = i . o) M6EF13C1 00 00 00 00 00 20 00 00 45852400 003356 030 200712 4 07 0 +0080
SERHas i balid) SRR T= 224 beds ik e oEa M6E71301 00 00 00 00 00 00 00 2F 45852400 003356030 200712 A 07 0 +0080
Latitucle Langitude: HEE7I590 80 00 00 00 34 00 3E 00 45852400 003356030 200712 A 07 0 +0030

40:25.820128 N g AR “6373501 00 00 00 00 00 3C 00 3B 458524C0 003356.030 200712 A 07 0 +0030

Altitudle: Time ; KEBASFSE B0 00 3F 00 00 00 00 00 458524C0 003356030 200712
2B e 191071 ke 2030113 028 MEBASFSC 24 00 00 00 00 00 00 00 458524C0 003356030 200712

S WEBASFSC 00 00 00 32 00 00 00 00 458524C0 O03356.(030 200712
— WEBADFSC 00 38 00 00 00 00 00 00 458524C0 003356030 200712

et Stat U S O Utp Ut | Scalers | 578274 1086123 £92266 475908 22428 WGCL1086 80 00 26 00 0O 00 00 00 458524C0 003356030 200712
e LECL1085 31 00 00 00 00 00 00 00 458524C0 003356030 200712

" . ” KECL10BC 00 23 00 21 00 00 00 00 458524C0 003356030 200712
[ 7u[ z2l[ oo WECF3D47 B0 00 00 00 20 00 00 00 458524C0 003356030 200712

to Wlth Sca Ie rS control registers: || 1F[ 71| 32[[ oo MECF3047 00 00 00 00 00 00 24 00 458524C0 003356.030 200712

“GCFI047 00 00 00 00 00 34 00 35 450524C0 003356.030 200712
i}

Timing registers [s]e] | C9| | EEi {ale] BT 1021 +225 +080 3359 003413 200712 A 06 00000000 107 6113 O0ACAZ00 O032701F
e er 00089567 00101F44 ODOA4EES 00071044 O00125BA

T 1021 +226 +030 3353 003514 200712 A 05 00DO0OCD 107 6113 OOACA7OD DO3Z701F
000B99EZ 00102603 DDOAESS 00071414 00012AGS
KT 1021 +227 +DA0 3353 003614 200712 A 06 DOOOKOOD 107 6113 OOACATON AN3Z70IF
2 =TS 00089095 00107ES0 0ODASD4S DODFL7SC 0001ZEBC
Mch 1 [dch 2 fch 3 [ch 4 Colncdence level: 3] BT 1021 +227 +080 3359 QUS7L4 200712 4 U6 0ODODDOO 107 6113 OUACA7O0 OUSZFOIF
00084157 001035EC DDDASE0B DOOF1AEE 00013304
KT 1021 +226 +D80 3353 003014 200712 A 08 ODOOOOD 107 6113 GOACATON ON3270IF
OODBASTC OD103DBD DDOASALB DOFAEST 00013780
T 1021 +226 +080 3353 003914 200712 A D6 00OO0OOD 107 6113 ODACA7ON OD3Z701F
DOUBASEF 0D10452E 0ODASF48 DOOFZ1CF 00013039
T ET 1021 +225 +D30 3350 004014 200712 A 06 0DDOOOCD 107 6113 OOACATOD D03Z70IF
I w [ 250/ [ 25.0/[ 35.0/[ 25.0] m¥ DO0BADCD 00104052 OOOAG41F 0072507 DOO14080
KT 1021 +224 2080 3359 004114 200712 A 07 DDOOOOD 107 6113 OOACATON OD32701F
00086209 00105522 000AG912 DODFZ830 ODOL450F

Status output time interwval 1 min BT 1021 +225 +080 3359 004214 200712 4 06 00000000 107 6113 ODACA7O0 OO32701F
. . with sceters [ L1l 00086624 DDL0SCE] DOOAGDFE 0007ZE7E 00014591
BT 1021 +225 +080 3359 004315 200712 A4 08 00000000 107 6113 00ACA7O0 0032701F
Is J u s a n a yzes CO u n I 0003BATI 00106440 OODATZDF 00DFZEED 00D14E3F

Data output, Disahle BT 1021 +227 +080 3350 004415 200712 A 08 00000000 107 €113 QOACAZ00 003Z701F
0008BESS 00106010 ODOA7ZES 0007324E 00015202
BT 1021 +227 +080 3359 004515 200712 4 10 00000000 107 6113 OOACATO0 O03Z701F

. ope
ra tes n ot Ie a d I n tra I I I n Jrm— 0006C2AZ 001073CC DODATCFE DOO735CT 00015767
) / Test pulser ‘ aff H Once H Continuous ‘ Voltage: | 3000 | mv ST 1021 +226 +080 3359 004615 200712 A 08 00000000 107 6113 O0ACAZO0 0032701F

40080
+D0E0
+0080
+0050
+0080
+0080
+D0E0
+0080
+0050 fl
+0080

PPFPEFPPFPEFRPRFRPPRRFRRPRRRPRRRERE

o
0
1]
o
o
a
o
o
a
o
[t}
o
o
o
0
1}
a
o
o
o
a
o
o
o
o
i}

&

Trigger

e i

H

Cate wicth Sool fs Fipeline delay. | sal ns

@

#

@

b

7

@

7

&

&

0008CeAD 00107BAZ DODAS1E4 QO073925 0001SBED
st BT 1021 +226 +080 3359 004715 200712 4 06 00000000 107 6113 QOACAZO0 O032701F
d H ‘ Reser | | singles | | majarity ‘ 000BCABC 0DL0B351 DOOAGETS 00073043 DOD15028
e es SO O u Ca n Isa e BT 1021 +225 +080 3359 004815 200712 A4 08 00000000 107 6113 00ACATO0 O032701F
g ’ Cummamj.i | 0O008CEDE O0108B10 OOOABEZ3 0O073F94 0001649
ET 1021 +224 +080 3359 004915 200712 & 07 00000000 107 6113 OOACA700 OO3Z701F
S 0008DZEZ 0010924 000AS0ZA Q0074304 00016916

data output. L _ - -

7

&

23



Flux Panel

e What can you see?

Control Panel | Rates | Performance | Flux | Muon lifetime | Air shower | Map

Daily temperature
variations...

Count rates (Hz)

Temperature/Pressure

50
301
a5 1,045
28 1,040
5 40 1,035
267 w35{l 1,030
a 075 o
2440 E 30 2
z v 1,020 g
w22 3 1015 5
;] Jd 1010 =
P+ 5 20
201} 2 L5 &
E 15 1,000
15 | | S N 2
10 995
161} 990
5| .
14 | /S NS B N R ; ; ol ! -
Gl B-Jul 100ul t25ul 14Tl 16ojul 18wl 200Jul 22-ul 24Jul 26-jul 7-ul 142l 21l
GPS time GPS time
— Channel 1 — Channel 2 — Channel 3 Channel 4]
Coincidence rate (Hz)
20 - - -
15| I
16|
14
=12
z
> 10{[
k]
e gl
3
4
5 | [ S SO SO OO (UUUUS (SO (OO N SO N (S W S S
o ; : ; ;
§Jul 7Jul EJu 9ul LoJul TiJul 12Jul 13Jul 4wl 15Jul 6Jul 17Jul L8Jul 19Jul 200ul 2iJul 22dul 23ul 24wl 25l 26.ul

GFS time

Longer term pressure

" variations...

~—— Isthere a wiggle here?
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Solar Weather

Solar flares produce lots of protons that eventually
reach earth

They are low energy protons

— They do not make cosmic rays

— They do modify the Earth’s magnetic field

The Earth’s magnetic field deflects high energy protons

— Modification of the Earths’ magnetic field should affect
counting rates

— But by how much?

Can we observe solar flares?



Solar Flares

e Some resources:

— NOAA satellite data:
http://www.swpc.noaa.gov/Data/index.html

— Spaceweather.com:
http://www.spaceweather.com

 NASA satellites measure the strength of the
magnetic field every minute.

— You can download the data for free
— You can graph it in Excel (or whatever)



Solar Flares?

This one was announced in the i -
newspaper about 3 days 2 R " .
before it arrived at earth. N N NV NN
Four stacked counters with 3- e
fold coincidence : e

Counts read out every minute |-

(lots of scatter) 3

Averaged over 4 hour intervals. S = o
Maybe the blip is correlated /

with the magnetic field "

This was a relatively small i/%’*/

flare... e




Muon Decay Trigger

 We want to identify events where a muon
stops in one of the scintillators and then

decays.. u™ — e ve

==

—

Require 3-fold coincidence
GATE WIDTH = 10,000 ns
PIPELINE DELAY = 20 ns

—

with 7 = 2.2 us

Pulse from muon entering stack
Pulse from muon passing through stack
Pulse from muon stopping, another from the decay

No pulse

This isn’t exactly what we want because it
triggers on any 3 channels, but the trigger
rate is low enough that we can examine
each event to see if it is just the top three
channels with pulses.



Muon Lifetime (delayed coincidence)

lgnore these for now...

Remember to set the
gate width and use a

Conrral Panel | Rates | Performance | Flux/ | Muon lifetime | Air shower | Geometry

3-fold coincidence...

Time difference Ch. 1 - Ch. 3

Delayed coincidence

in
=
i 1250 \L
™ 1000 115
T 750
= 110
- 500
& 250 105
=
& ° 25 50 75 125 150 goo /
—t/T
Delta T (ns) o f(t) = (4 Ae
Time 90
n
=
H 5 000 83 T=178%022ps
= 1500 80 A= §3.68 + 7.56 /(250 ns)
a
= 1,000 75 € =381 & 0.72 /(250 ns)
2 500 £ 70
=
= 0 < &)
[Fu) b
50 -25 75 100 125 150 & 65 = £
ns) ]
g 60 o f(t) _ Ae—t/'r
Time differen 4 ss
" 2
=30 = —t/T
50 —
23 E s f(t) = C+ Ae /
— 20 45
215 40 Fit ragne, t >[S00 ns
n 1.0
.
i
S oo

50
Delta T (ns)

e difference Ch.4 - Ch. 3

75

»
=
Channel of i
; 1,000
. =
interest T =
“ TR o 25 50 75 100 125 150 H 2,500 5,000 7,500 10,000
Delta T (ns) Delay (ns)

waﬂ ‘ Clear H Fit || Load || Save

Veto channel ~— | e [Gme w coenesns [0 e
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Muon Lifetime

* |In about an hour you should get 5-10 muon decay events.
— Leave it running over night or over the weekend for better statistics

 The fit panel lets you chose whether to consider the
possibility of a background component distributed uniformly

in time.
* You can skip the early data since these might come from air
showers.

— How does the fitted lifetime depend on these
assumptions?

— How much data would you need to measure the muon
lifetime with a precision of 10%?

— How about 1%?



Measuring the Speed of Cosmic Rays

The “Muon Lifetime” panel also measures the time
between pulses on each channel and the “channel of
interest”

It calculates the mean (with uncertainty) of the time
difference distributions.

The time between pulses depends on the distance
between the scintillators.

Remember, the speed of light is 1 ft/ns...



Measuring Speed of Cosmic Rays

Use a 4-fold coincidence trigger.

Channels 1 & 2

Channel 3 was the “channel of interest”.
Pulse in channel 1 should arrive earlier
when it is up higher.

78 in

Channels 3 & 4

32



Speed of Cosmic Rays

lgnore this for now...

Record the mean
time difference at — |
each height...

You may want to
record this for all
channels (except the
channel of interest).

The mean is
estimated more
precisely the more
data you collect.

Counting rates are
less than 1 Hz but

anmrn\ Parel | Rates | Perfarmance | Flux [ Muon lifetime I Air shower | Geometny

Time difference Ch. 1 - Ch_ 3

Delaye# coincidence

v

2,500 5,000

Delay (ns)

=
g Mean = -1.570 £ 0.121 ns
o 1.4
& 50
n
g as 13
]
E o ;
50 5 0 2s 50 75 100 125 150 L2
Delta T (ns) 11
Time difference Ch. 2 - Ch. 3 Lo
2
& 100 - 0.9
— o Mean = -6.707 £ 0.140 ns
a 0.8
: 50
& 25 g 0.7
=
E o —— — — | 2 .
-50 -25 Q 5 50 75 100 125 150 N
Delta T (ns) 5 os
2 05
Time difference Ch. 3 - Ch. 3 HI
2 10 =
2 as 5 o3
—
E 0.0 Q.2
g -05 0.1
=
o -Lo 0.0
-50 -25 o 25 50 75 100 125 150
Delta T (ns) 01
& Time difference Ch.4 - Ch. 3 o2
= 75
& -0.3
e Mean = 8.485 = 0.171 ns
s -0.4
=9
@ 25
2 -0.5
R R — . - = - 0
50 5 50 75 100 125 150
Delta T (ns)
Channel of interest; H 3| veto channel: E\ | Cloar | | Fit... | | [ | ‘ e

Gate width 500/ ns P\pe\medela\/.‘ so_i ns

greater than 0.1 Hz.
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Speed of Cosmic Rays

We graph it this way because
the height is the independent
variable.

The slope is 1/v. It is negative
because we measured height

m = —0.0914 + 0.0032 ns/in up, but cosmic rays are going
B down.

© & N & &b A b M L o
AN RN AR I RARN RN RY AR AR TR

Time difference, channel 1 - channel 3 (ns)

1 11 I 1 111 I I | | 1 111 | I | | 11 1] I I | I 111 | I 111 1
20 30 40 50 60 70 80 90 100
Height of channels 1 and 2 (inches)

Fitted speed: VUV = 10.95 4+ 0.39 iIl/IlS
Accepted speed of light: ¢ = 11.80 in/ns

Conclusion: On average, the cosmic rays we detect might not travel at
exactly the speed of light, but they are still moving pretty fast!
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Connection with Special Relativity

— If the muon lifetime is 2.2 us and they travel
200,000 inches (5 km) at 11 in/ns, what fraction

will not have decayed?
$ — d _ 200,000in
% 11 in/ns

=18,000 ns

P= e "= exp (—12?’200000%5) = 0.03%

— This is not correct... because of special relativity,
the muon’s “clock” runs slow by a factor of

y = - = 2.8

1-v%/ ,
P = e t/YT = 530,




Air Showers

e First check out the geometry tab:

' osmicRayDetector : ‘ . . P .
ot e e s i e ot OO | | - Enter scintillator positions in

D e |/ whatever coordinate system is
- convenient, then rotate them

& e e Jpo ]
| o | ,
: A ‘1530 H7442 |‘—006 |‘—070 |OOO | into the Correct N_S_E_W
_‘._'u' il “ ‘15 30 ‘ ‘744 2 | ‘0 70 | ‘—0 06 | |O a0 . .
=0 orientation.

—
st O Stacked —— ® Unstacke t
—

Latitude 40:25. 818842 N Longitude:  0B6:54.782966 W

Altitugle:  218.372m GPScabIeIengthM-/ Then[ IIUpdate geometry”"'

i MR i This is the same format needed
o w in the cosmic ray e-lab.

This needs a network
connection to get the
L _ _ _ satellite picture, but a
compass is really all you
need to find North...
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Air Showers

Inferred waveforms

Cortrol Panel | Rates | Performance | Flux | Muon lifetime | Alr shower | Ceometry
Ewent picture Oscilloscope

]

4

1

6]

0.0

L -
i Faw data

Coincidence level:

Ch 2 Wch 3 Wch 4

Data output: [ Epapie .| Disahle

5.0 10.0 15.0 20.0 25.0 30.0 35.0
Time (ns)
Chan. 1 =—Chan. 2 Chan. 2 Chan. 4

CA9ZEELD AC 00 28 00 00 00 00 00 3AS1EZGA O24256.019 200712 &4 07 O
EASZEEL0 00 00 00 00 31 00 57 00 3A51E264 024255.019 Z0071Z &4 07 O
A 070
& 070

CA9ZEELD 00 00 00 3C 00 3E 00 00 SAS1EZGA 024256.019 200712
BA9ZEELL 00 21 00 00 00 00 00 22 3451E264 024256 019 200712

40.0

1 40065

+0053
+0083
+0063

45.0

Does this look like an air shower to you?

500




Suggestions for Experiments

e Count rates:
— Plateauing exercise

— Coincidence rates with detector oriented N-S or E-W
or as a function of angle

— Count rates on different floors of the building

— Does anyone have a pilot’s license? Could we fly the
cosmic ray detector in an airplane and measure count
rates as a function of altitude?

— Measure count rates for different discriminator
thresholds

— Measure actual thresholds using the test pulser



Suggestions for Experiments

 Performance plots

— Compare time-over-threshold distributions for
single and 3-fold coincidence

— How does time-over-threshold distribution change
with PMT voltage?

— How does time-over-threshold distribution change
with discriminator threshold?

— Play with the test pulser...



Suggestions for Experiments

e Flux measurements:

— Does the 3-fold coincidence rate depend on
barometric pressure? Temperature? Weather?

— Can you see evidence for solar flares? Correlate
wiggles in count rate with NASA satellite data...

— Are count rates at different locations correlated?



Suggestions for Experiments

 Muon lifetime/delayed coincidence

— How much data do you need to collect to achieve
a certain precision on the fitted lifetime?

— How does the fitted lifetime depend on the
assumptions used in the fit? How robust is it?

— Speed of cosmic rays... fit data using linear
regression in Excel. Can you estimate the
uncertainty on the speed?

— Add extra cable... check that the time differences
change the way you expect.



Summary

We hope that the new software interface

makes the cosmic ray detector very easy to
use.

There are lots of experiments you can do to
investigate the properties of cosmic rays.

Most can be done or at least set up in less
than an hour.

Have fun!



