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Single antenna data LOFAR 30-80 MHz Particle detectors provide trigger
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histogram; azimuth, deg histogram; elevation, deg 6 104 histogram; elevation, deg
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histogram; azimuth, deg histogram; elevation, deg 6 104 histogram; elevation, deg
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histogram; azimuth, deg histogram; elevation, deg 6 104 histogram; elevation, deg
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Candidate CR event: relative arrival pows (V pol)
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az: 3.524, | el: -85.2072, | log10(r): 3.4381 | nOK: 301 | indThis: 238482

Candidate CR event: relative arrival pows (V pol)

100

80

60

40

20

-20

-40

-60

-80

-100
-100

-50

0
antpos (e/w, m)

50

80

60

100

100 * i x antennas
x i
% missed signal
A8 x % matched signal
80 x i R
* %y R fit direction of travel
% x ® X x % x
60 X x x » x
% oK RE o 0¥ * xx 3
x X % 2 x G
40 x g i x % X g v x x
X N Ay e x » X
x x x X x
20 X X oo S5 8 x
X x x
x x Xx Xoex X AR x * X %
0 p xx 2 x * > Hocurgs ».%
v iy g—pp— » R x x
® x X X Xx x ¥ X x
-20 x 5 x % x xx X% T % x
~ e x * x x
% x x K% % n- ’
-40 % X XX % o 5 N
¥ X
x * *x 5
x x % x
-60 x
X % X x
-80 . x
x x X
x x
-100 x
-100 -50 0 50 100

antpos(n/s, m

Candidate CR event: relative arrival pows (H pol)

power, arbitrary units

100

-50 0 50
antpos (e/w, m)

-100

100

80

60

40

80 20

60

antpos(n/s, m
o

-20

-40

-60

-80

-100

Candidate CR event:

-100

reference signal

-50 0
antpos (e/w, m)

arrival times

50

1500

1499

11498

1497

1496

11495

11494

1493

1492

1491

-0.05 0
time (us)




Candidate CR event: relative arrival pows (V pol)
150

100
E 50 o
Q
£
] 25
g
c 0
©
-50
-100

-100 -50 0 50 100
antpos (e/w, m)

150
x  antennas
missed signal
*  matched signal
fit direction of travel
100
50
0
-50
-100

-100 -50 0 50 100

antpos(n/s, m

az: 269.9183, | el: 0.024854, | log10(r): 2.0991 | nOK: 130 | indThis: 106439

Candidate CR event: relative arrival pows (H pol)
150

100
35
50 30
25
0
20
-50
-100

-100 -50 0 50 100
antpos (e/w, m)

150

50

antpos(n/s, m

-50

-100

reference signal

Candidate CR event: arrival times

1540

1520

N 1500
1480
1460
1440

1420

1400

1380

1360

1340

-100 -50 0 50 100
antpos (e/w, m)

power, arbitrary units

-0.5

time (us)




we

-\.\ L Shy
: .N
{ >
i

~

i s,"‘”‘

o
s

I‘b Q&,‘rl’l . "
Round‘

ll/////’ / | w

. '\J
.w ‘ ,\

Blac

Moun



U ACAL l\ UUV

pB"nsm» Aolace mm
Pomt 260*', "‘ e et %
% o ‘i’ " Pomt117~ p 647"; \
- ‘ “

Pou‘
"' POI 279 Pom ~-7‘0 ..

; (P‘ou'n 172 POINGS23 ', ‘ . R U UL oG4
1;?0 1579 ,’)‘ ’ W gt ’ (R 7 B Y& N ) YBlack
59 ’ Pomtfse « ' InI2345 %% ; gt .

"‘”l“""

' Point 241 Po’i%t 267

7 S Pomt 232 =& ‘222

"'

l;omt 221’

B 4 Ponnt 739 &
‘Pomt 652% P0| 66 ; F’@ln 662

| #; PO esa '%‘ ‘
pointa1T "7/ Ty

v \l\ '
&ﬂ ﬁ oint’ 821 4 BB N
Pomt?ﬁz ﬁ,o,m 756 3 #’}Pon}q\, 7,72 ‘ U : P,S'Qt 84§ ))7?; ; - 4'
[.4) o AT ‘ 1 L . ) U s A S 1
. R & Pomt‘:‘/r77 o Ay &5 R 8 om0 S d@ o T il
: '] N ..‘. Qi O W Ry S \ S8 Y e . « > 7
| s

omﬁ823

*\'-\. v




= Point 393

QVROLWA

)

:

& Pointii274 HROINtINCERROER o







)

i Rt g g i ST TR LT b i v et
1T i - VEETARE LI o, 9 e AT lfjnp e 0 Iy b S A ) A
i

20



21



300

200

100

-100

-200

-300

500

1000

1500

2000

2500

3000

3500

4000

4500



300

200

100 §

! !
l

‘A lwi"h H»Jh u[, 1“11
\"l, L, ‘u ," 1,\7‘)’ Iv_"""*"

2000 2500 3000 3500

4000

4500




7
\ 5
\ 4

—  Signal (RF)
—»  Signal (Digital)
0-98 j Signal (Control)
MHz | Higher-Level Block
Front-end > ADC [ o
electronics »| ADc | | 10GbE ]
| Switch |
FPGA i |
| |
Front-end ADC —» | |
electronics ;
ABE [~ | | PC Storage
| | &
| | Post-
Processing
Front-end > ADC —» |
electronics »| ADC | | |
| |
FPGA [ |
| | |
Front-end ADC ¥ .
electronics »| ADC >




— Signal (RF)
—»  Signal (Digital)

0-98 —» Signal (Control)
Q MHz | Higher-Level Block
. Front-end [ »| ADC [P _C_
TV electronics »| ADc | 10GbE
. ijitch \
FPGA !

Bottleneck is pushing results to PC!

C Storage
&

|
|
|
|
On-FPGA blanking needed. |
|
|
|
|

’ |
|
|
|
|
| Post-
N rocessing
= Front-end » ADC > |
TR electronics »| ADC > |
; |
FPGA ‘ |
& ) | |
e Front-end [ > ADC > \ —_ —
LY electronics » ADC |-
)




FPGA

ADC

Delay
correction

> thresh

ADC

Delay
correction

> thresh

ADC sample
ring buffer

:

Dump to PC
(10GbE)

TRIGGER!

)

Trigger other
FPGAs (10GbE)




FPGA

ADC

ADC

P Delay
’I’ | correction > thresh
Delay
—> :
correction > thresh
Delay
correction > thresh
-5 Delay
’le | correction > thresh

ADC sample
ring buffer

:

Dump to PC
(10GbE)

ER!

A

Trigger other
FPGAs (10GbE)




FPGA

ADC

|

Delay
correction

—» > thresh

Delay
correction

—» > thresh

>

>

Repeated event
detection

Delay
correction

—» > thresh

ADC

Delay
correction

—» > thresh

ADC sample
ring buffer

:

Dump to PC
(10GbE)

. 4

ER!

A

Trigger other

FPGAs (10GbE)




OVRO-LWA antennas, colorized by attendant FPGA
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Power line RFI histogram vs voltage phase
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Next Steps

* Voltage time of arrival solutions only good to RMS 3 samples
* Improvement = better localization

* 1.6M events; probably 15 CRs in data
* How to convince self that detection is actually cosmic ray?

* "More (or better) data trumps better algorithms”
* Work on fixing bad RFI sources



Takeaways

* RFlis a problem.
* Planes preclude a fully automatic pipeline
* Could we run from much of our RFI by tracking the AC
voltage?
* This tool is very powerful for localizing RFI!

* Need a system which is matched to the CR detection task
* Bring all the voltages home

* Ideally, process all the voltages in the same location

* | am very close!



