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Surface Scintillator Detector (SSD)

plastic scintillator detector on top of SD stations as part of upgrade
'‘AugerPrime'

— Engineering Array (EA) with 12 stations in field, currently taking data
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Surface Scintillator Detector (SSD)

Engineering Array continuously undergoing changes, i.e,SSD PMT HV
no HV information available since installation of UUB V2
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SSD Signal Traces

signal in SSD in form of
time trace

charge calculation

- integrate ADC charge with
baseline correction

- stop when signal drops
below baseline

sampling rate :
- 120 MHz FADC

— time bins of 8 ns

High & Low Gain (HG,LG)
-  HG/LG ratio = 128
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SSD Traces - UUB V1 vs. V2

direct comparison of traces:

- station 20 before and after
switch of UUB versions

— similar characteristics such
as height of signal peak

reduction of baseline noise
in UUB V2 already visible
by eye
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HG Trace UUB V1

HG Trace UUB V2
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SSD Traces - UUB V2 LG Spikes and 1744 modulation

LG traces of events recorded
with UUB V2 show spikes in
all stations

- constant spacing of spikes
~ 9716 ns (St 20)
~ 9708 ns (St 22)
~ 9725 ns (St 39)
~ 9716 ns (St 1737)
~ 9850 ns (St 1744)

- also seen in radio data

- origin most probably from
board itself

HG traces of station 1744
show modulation after switch

to UUBV2 |
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SSD Traces - Screenshot from ED

Event Display, standalone version - 0

File Configure Experisonly... Multiple selection |- Previous Next

Sd Event Display | FD Event Display | Hybrid Event Display | Help |

— Events list Stations list
149) 511279868, & stations, TOT2C1&3C2 /10) 0020 No Error (256) */

150) 51127974, 9 stations, TOT2C1&3C2 11) 0022 No Error (256) */

151) 51127987, & stations, TOT2C1&3C2 /12) 0039 No Error (256) ™/

152) 51127999, 9 stations, TOT2C1&3C2 *13) 0012 T3 Not Found (2) */
153) 51128136, & stations, AERA *14) 0027 T3 Not Found (2) */
154) 51128034, 9 stations, TOT2C1&3C2 /15) 0029 T3 Not Found (2) */
155) 51128056, 9 stations, TOT2C1&3C2 " 16) 0030 T3 Not Found (2) */
156) 51128253, & stations, AERA *17) 0734 T3 Not Found (2) */
157) 51128288, 12 stations, AERA " 18) 1622 T3 Not Found (2) */

158) 51128178, 9 stalions, TOT2C183C2 * 20) 1769 T3 Not Found (2) "/ . . . - \
159) 51128194, 9 stations, TOT2C123C2 /21) 1773 T3 Not Found (2) */
160) 51128202, 9 stations, TOT2C143C2

3

161) 51128347, 8 stations, AERA

162) 51128241, & stations, 2C1&3C2&4C4 H
163) 51128244, 10 stations, TOT2C1&3C2

164) 51128416, & stations, 2C1&3C284C4

165) 51128286, 10 stations, TOT2C1&3C2

166) 51128418, 11 stations, AERA

167) 51128391, 11 stations, TOT2C1&3C2 i L L L
168) 51128414, 9 stations, TOT2C1&3C2

169) 51128421, 9 stations, 2C143C2&4C4

170) 51128468, & stations, TOT2C1&3C2

171) 51128487, & stations, 2C1&3C284C4 -

—Array

A
v

selected file:
/home/rautenbe/auger_offline/data/sd_2018_12_01_12h03.
selected event: 51128136 51128136

Minimum number of triggered statio
Trigger selected: all of them, 253 events. <

Event Display, stand:
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SSD Traces — UUB V1 vs. V2 Baseline + Noise

histogramming first 500 bins

of each trace and fitting with

a gaussian

— calculation of baseline u
and baseline o

# Entries

spread of p reduced
overall smaller spread (o)
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UuB V2
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SSD Traces — UUB V1 vs. V2 Baseline + Noise

104 3 T T 104 3 T T
] All ] All
#Events: 5564 p #Events: 5564
With UUB V2 With UUB V2
10° 4 #Events: 5564 | 107 4 #Events: 5564 |
0 10? ] 0 10? E
*E' T E * 10! 4
L ]
H* ]
107 4 10° 5
1071 10-14
220 240 260 280 300 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
u [ADC Counts] o [ADC Counts]
ADC Counts ADC Counts
104 3 T T 104 3 T T
] All ] All
#Events: 13078 #Events: 13078
With UUB v2 With UUB V2
39 10% 4 #Events: 2351 | 10° #Events: 2351 |
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2 £
w 4 w
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=
c
w
* 10° 4 10° 5
1071- 1071
220 240 260 280 300 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
u [ADC Counts] o [ADC Counts]
gap between p probably due to change of HV
but not verifiable without HV  Apc counts ADC Counts
H H H = BERGISCHE
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SSD Traces — UUB V1 vs. V2 Baseline + Noise

104 3 T 10 3 T T
1 All 1 All
#Events: 699 ] = 4Events: 699
With UUB V2 1 With UUB V2
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SSD Traces — MIP Peak UUB V1 vs. V2 (HG only)

# Entries

= Charge Histogram
—a— MIP Peak

St 20 UUB V2
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2000 3000
Charge [ADC]

 mEm St22 UUB V1
[ Sst22 UUB V2

calculating MIP peak via
charge histogram -
no significant differences
between V1 and V2 B
calibration not available for
station 1737
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SSD Traces — MIP Peak UUB V1 vs. V2 (HG only)

calculating MIP peak via
charge histogram I St 20 UUB V2
no significant differences
between V1 and V2 B
calibration not available for
station 1737 H | |
0 1000 ZOOOCharge - 3000 40b0
] @ St39 UUB VI | | mmm St 1744 UUB V1
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Denser Array and Triplet Stations

hexagon (7 SD stations) with reduced
spacing of 433 m

- lowest energy threshold:
Energy > 10*°° eV
(regular array: ~10*¢eV)

- high event rate

Twin Stations (20,22) in center of
denser array

1764 | 22

Il8m

o 391 10.6 m

added beginning of
December 2017

Analyses of the AugerPrime Engineering Array
Sonja Schrdder | soschroeder@uni-wuppertal.de



# Entries

SSD Twin Station Timing

differences in arrival time of shower vital for direction reconstruction

check timing of Twin Station SSDs based on At of GPS triggertime in WCD

only events with successful SD,_, reconstruction

1000{ —— FWHM: 50.0 ns x*/ndf=1.3
A =49450 + 751
Atgps ulnsl= —7.0+0.4
800 4 20 vs. 39 olns]=23.1+x0.4
5467 Events
using data from
600 -
12/2017 to 11/2018
400 -
200 -
O_
-150 -100 —50 0 50 100 150

Atgps / Ns
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SSD Twin Station Timing

obtain At from reconstruced shower direction (zenith () & azimuth (@) angle)

- At

80

60 -

Ateyp /' ns

—-80

ﬂtexp
Station 20 - 22

0
Azimuth / deg

100
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dn -
— » assuming planar wavefront

8 & B g & 3
Zenith / deg

=
o

d : station distance

n : shower direction

— larger At for larger 6

— larger At for ¢ around +/- 90°



SSD Twin Station Timing

obtain At from reconstruced shower direction (zenith () & azimuth (@) angle)

—

-

n .
- At,,=—— , assuming planar wavefront
c

d : Station distance

n : shower direction

At,.s showing similar shape as At | — correct At for arrival direction:

At

80

At,
60 - =P

40 - b ;

20_ .. ....... .......

Atexp /NS

—40 -

_60 4

—80

Station 20 - 22

Atgps / ns

=20 e

~100 0
Azimuth / deg
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# Entries

SSD Twin Station Timing

calculating At _for stations 20 & 39 also yields promising results

current o for timing difference of Station 20 and 39 is now:

o0=(17.3+/-0.4) ns

before correction

1000{ == FWHM: 50.0 ns x*/ndf=1.3
A=49450 + 751
Atgps ulnsl= —7.0+0.4
800 4 20 vs. 39 olns]=23.1+0.4
5467 Events
600 -
400 -
200 +
O i
—150 —100 =50 0] 50 100 150
Atgps / Ns
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o

égl 10.6 m

after correction

1000 { = = FWHM: 40.0 ns x2/ndf=0.085
A=46636 789
Atgps — Atexp ulnsl= —7.9+0.3
800 - 20 vs. 39 alns]=17.3+0.4
5467 Events
600 -
400 -
200 -
G i
—150 —100 =50 0 50 100 150

(Atgps — Atexp) / NS



# Entries

SSD Twin Station Timing - Full Bandwidth Trigger

from 20/04/2018 to 09/05/2018: Full Bandwidth Trigger (120MHz) in place

hints at further improvement in precision of timing @ 22
® 20
0 = (14 +- 1) ns ® 30l 106m
however, more statistics needed
after correction without FB Trigger after correction with FB Trigger
10001 == FWHM: 40.0 ns X*Indf =0.085 — = FWHM: 30.0 ns X*/ndf=0.23
A=46636+789 A=1436+132
Atgps ulnsl= -7.9+0.3 40 4 Atgps — Atexp plnsl= =131
500 ™™ 50 ys. 39 olns]=17.3+0.4 W 20vs. 39 olns]=14+1
5467 Events 215 Events
30 1
600 -
400 - 201
200 - 107
0 - 0 -
—-150 -100 -50 0 50 100 150 -150 —-100 =50 0 50 100 150
(Atgps — ﬂte:rq::) /ns (Atgps — ﬂtexp:l / ns
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# Entries

SSD Twin Station Timing — New GPS Receiver

10001 == FWHM: 40.0 ns x%/ndf = 0.085
A=46636 789
Atgps ulnsl= -7.9+0.3
800 20 vs. 39 olns]=17.3x0.4
5467 Events
600 -
400 -
200 -
0 _
—150 —100 =50 0 50 100 150

from 17/07/2018 onwards new GPS receivers (SSR 6T) were installed in

station 20 & 39

provides further improvement in precision of timing 5

o

ZOI 10.6 m
@ 390!

o =(14.8 +/-0.2) ns

after correction with old GPS receiver

(Atgps — Atexp) / NS

Analyses of the AugerPrime Engineering Array
Sonja Schrdder | soschroeder@uni-wuppertal.de

after correction with new GPS receiver

| = —= FWHM: 30.0 ns X*Indf=9.4
2000 A=79859 939
1750 1 Atgps — Dlexp ulnsl= —1.8+0.2
20 vs. 39 olns]=14.8+0.2
1500 - 9724 Events
1250
1000 ~
750 4
500 4
250 -
0 _
—-150 —100 =50 0 50 100 150

(Atgps — Atexp) / NS



SSD Twin Station Timing - UUB V2

from 24/10/2018 station 20 & 39 were equipped with UUB V2

value slightly increased, might be due to much lower statistics

o= (15+/-1)ns

after correction with UUB V1

| == FWHM: 30.0 ns X*Indf=9.4
2000 A=79859 £939
1750 - Atgps ulnsl= —1.8+0.2
20 vs. 39 olns]=14.8+0.2
1500 - 9724 Events
3 1250
£
w 1000 -
",
750 -
500 -
250 -
0 i
—-150 —-100 =50 0 50 100 150

(Atgps — Atexp) / NS
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o

after correction with UUB V2

égl 10.6 m

1001 —— FWHM: 30.0 ns X*/ndf=1.3
A=3427 £ 231
Atgps — Atexp plnsl= —6+1
80 20 vs. 39 olnsl=15+1
422 Events
60
40 -
20
0_
—150 —-100 =50 0 50 100 150

(Atgps — Atexp) / NS



SSD Twin Station Timing — CDAS trace t,

104,

B start_bins_2039

start bin calculation from CDAS on station .|
20 & 39: two consecutive bins above
threshold (here 3o above baseline)

# Events
=
%

baseline

slight increase in width of timing distribution 10}

— try risetime implementation from Offline 1]

—1000 -500 0 500 1000

—— - - start_bin
4000' f'.:. .
S 21— Signal Cut: 750 ADC Counts
A J 16001 — — FWHM: 30.0 ns X*Indf=9.1
3500 - . A=66579x£902
= 103 1400 - Atgps — Atexp plns]= -2.3+0.2
£ 3000 A W 20vs. 39 olns]=16.3+0.3
g 1- 1200 A 8539 Events
)
O 2500 A " & 1000 -
<Dt i 102 £ =
= e g c
IR - & 800 A
~ 2000 & L
o +#
3 .: n 600 B
o 15001 4
E 10! 400 -
+ 1000 -
S 200 -
500 { IR T T R
[ g Pkl TEET LS S 0-
500 1000 1500 2000 (Atsps — Atexp) / NS

trace start bin [8 ns]
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Summary and Outlook

data from stations with new UUB V2 showing good quality and promising
results

— significant reduction of spread of baseline y and spread of baseline noise (o)
visible

- no HV information visible to cross-check for influences on trace
- spikes visible in all LG traces, with spacing of ~ 9712 ns (for station 22)

- MIP peak stable, however no calib. data for St 1737

study of timing resolution

- improvement of timing with arrival direction correction and especially new GPS
receiver

- further improvement a possibilty with new UUB V2 and “risetime” information of
SSD (from Offline)

— however: more statistics needed!
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