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The 2lcm array

® Ulastai, TianShan mountains,
XinJiang autonomous province, China
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Cosmic rays @ 21 CMA?

® |sthe 2ICMA set—-uP usable for CRs detection?
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. Aclequate Frequencg range ;
~ Few adal:)tations needed
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Cosmic rays @ 21 CMA?

® |sthe 2ICMA se’t—-uP usable for CRs detection?

~ [Exce Dtional elm environment

~ Adequate Frequencg range

~ Few aclalatations needed
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. Quick,cheap&large set—-up for CR search
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TREND Prototype setup

MA acqu'ﬁgion
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TREND Prototype setup

2| CMA acquisition

optical fiber

optical fiber

TREND acquisition



TREND acquisition

Online (sgnchronized) Aigitization: 5 ns/saml:)le

'*:u”g inclepenclent channels

Trigger it amplitucle above Nxo B (NR6-10)
2048 samples (R10 us) written to disk
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TREND acquisition

Online (sgnchronized) Aigitization: 5 ns/saml:)le

'*:u”g inclepenclent channels

Trigger it amplitucle above Nxo B (NR6-10)
2048 samples (R10 us) written to disk
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TREND prototype

W e =0 xXx === s EEEiEIIE EE == =E rimEes 0 xXx = EEEsTels IR XX



TREND prototype

—— i, o et

TP e B =
7 v/‘ '’ &7 ,;'/'///.///ff /4://./,’/%

& W% I wié “s
] ' [
‘!i'!\ !,!

243
®m < - il

|




TREND prototype
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Set up reaclg In January 2009. Ran for 24 live clags.




Data analysis
Reconstruction

® Plane & spherical wave front hgpotheses

® Reconstruction l:)emcormed on causal
coincidences between 4 antennas or more.

® Antenna tri’gger times corrected through signal
inter-correlation
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Data analysis
Reconstruction

signal

>

® & wave front hypotheses
7

® Reconstruction Pemcormecl on causal

COiﬂCiClCﬂCCS ’DCtWGCﬂ 4 antennas or more.

background

® Antenna tri’gger times corrected through signal
inter-correlation



Reconstruction performances

|

Estimated from transient
sources crossing the sk9

Plane reconstruction: angular
resolution down to 1.5

East 270

Angular distance — [deg]




Antenna sensitivity

® Set~u]:> sensitivitg
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Galactic plane @ 408MHz

Major radio source: thermal

emission from the Galactic Plane.

Visible in Ulastai 5|<9
between 15h & 23h LST.

TREND antennas clearlg
exhibit an increased noise

evel when the Galactic

Hlane is in the skg



CR search




CR search




CR search




CR search




CR search




CR search




CR search




CR search




CR search




Analysis cuts (1)

Noisy periods rejection

® Select quiet Periocls (<Pevts/3mins)
® 59% of 6-antennas prototype data (40%h)

Time [mn]




Analysis cuts (1)

Noisy periods rejection

® Select quie‘c Periods (<Pevts/3mins)
® 59% of 6-antennas prototype data (40%h)

Time [mn]




Analysis cuts (2)
Pulse shape selection

® Réject Iong Pulses or repetitions

Antenna 113 Run 310 Event 1 Antenna 114 Run 738 Event 27
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Analysis cuts (2)
Pulse shape selection

® Réject Iong Pulses or repetitions
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Amplitude [LSB]

Pulses longer than 400 ns are rejected.



Analysis cuts (3)

Reconstruction quality
® Delag P|ots: measured trigger times vs values exPectecl
from reconstruction. Points should lie alongls’“ bissectrix.

Spherical wave

reconstruction
I p=66.5m, ©=87.0°, (p=194.79
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Expected Delay [ns




Analysis cuts (3)

Reconstruction quality
® Delag P|ots: measured trigger times vs values exPectecl
from reconstruction. Points should lie alongls’“ bissectrix.

Plane wave LI Spherical wave
reconstruction reconstruction

“lo=186° p=2665° </ " p=66.5m, 0=87.0°, =194.70
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Analysis cuts (3)

Reconstruction quality
® Delag P|ots: measured trigger times vs values exPectecl
from reconstruction. Points should lie alongls’“ bissectrix.

0 50 100 1 < -50 0 50 100
Expected Delay [ns Expected Delay [ns

® v’ of linear fit Providcs a quantitative evaluation
ot the reconstruction quality



Analysis cuts (3)

Reconstruction quality
® Delag P|ots: measured trigger times vs values exPectecl
from reconstruction. Points should lie alongls’“ bissectrix.
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Expected Delay [ns Expected Delay [ns

® v’ of linear fit Providcs a quantitative evaluation

of the reconstruction quality m




Analysis cuts (4)

Plane wave front

® Spherlcal & Plane
reconstruction snoulcl

{

9!61& 5|m||ar resuits

d=10", 7°, 4" for multiplicitg 456
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Analysis cut (5)

Sky events

6-antenna Prototgpe data : 2275 events survive cut |

- 100 150 200 250
East 270 |- - i} Azimuth angle [deg]

30 40 50 60
Zenith angle [deg]

® >95% below 85, mostlg towards South.
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when moving towards zenith



Analysis cut (5)
Sky events

® 4-antenna Prototgpe data : 2275 events survive cut |
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® >95% below 85, mostlg towards South.
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when moving towards zenith




CR candidates

® 25 candidates sEEE all
cuts and are tota”g
isolated in time & space [
from other events.




Shower profile reconstruction

® Array of limited size (200m at most)

® | imited number of antennas (8 at most)

No completely significant shower profile

reconstruction can be performed yet



Shower profil

® Arrag of limited size

® | imited number of a

Sti”, some nice
reconstructions...
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Shower profil

® Arrag of limited size

® | imited number of a

Sti”, some nice
reconstructions...
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Shower profil

® Arrag of limited size

® | imited number of a

still, some nice
reconstructions...

A=Aoéxp<-d/ do) |
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Signal amplitude [a.u]
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CR candidates
validation

® array set

up N Januarg 2010 at
the cross~|:>oint of the
2 baselines.

® 3 scintillators in
coincidence.




Scintillator array

50cmx50cmx2cm

Plastic scintillator +
PN

PMT signa direct|9 fed 1
into oPtica transmiter
(20-200MHz)

lnclel:)enclent trigger

For a” detectors

Scintillator threshold
set for ~25Hz inc vidual
trigger rate.




Scintillator data

e 1173-fold
coincidences
in 8 live Aays.

® §~1Co|cl coincidence
rate: 0.6/hour

® Expectecl random
coincidence rate is

ﬂegligjble.

The §~5cinti”ators array s a valid CR detector.




Rybrid data analysis

o OH line coincidence search. Criterium is:

t . time of signal maximum on detector |

clg: ground distance between detectors i anclj



Rybrid data analysis

o OH line coincidence search. Criterium is:

t . time of signal maximum on detector |

clg: grouncl distance between detectors i anclj

® 3live clags of data:

~2 hgbrid coincidences with
4 antennas + % scints

~ 1with 4 antennas +2 scints




Hybrid coincidences

® Random coincidence?

]

~ .ixpectecl rate for 2 inclel:)enclent events given bg:

At - time window

f AR trigger
Frec]uencies for
events A&D

~ t,=1.6107"Hz rate of 3-folds scintillator events

f =27+ /(b 5)*(]~e><|:> (-(F A+ AD) Hz

— 1% <10Hz rate of radio events ==3

~ At=2 us



Hybrid coincidences

® Random coincidence?

]

~ .ixpectecl rate for 2 inclel:)enclent events given bg:

At - time window

f AR trigger
Frec]uencies for
events A&D

~ t,=1.6107"Hz rate of 3-folds scintillator events

f =27+ /(b 5)*(]~e><|:> (-(F A+ AD) Hz

— 1% <10Hz rate of radio events ==3

~ At=2 us

f, = O.l1/year...




Rybrid coincidences

® Did antennas trigger on a radiation
emitted bg a scintillator PMT7

® exemple: Coincidence A

Hypothesis:
antennas trigger on
PMT radiation
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Rybrid coincidences

® Did antennas trigger on a radiation
emitted bg a scintillator PMT7

153

® exemple: Coincidence A

SN

1400
Fhaoothesis:

.ol antennas trigser on
PMT radiation

Measured Delay [rs
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Rybrid coincidences

® Did antennas trigger on a radiation
emitted bg a scintillator PMT7

® exemple: Coincidence A

Fiynothesis:
antennas trigger on
PMT radiation

Measured Delay [rs

Coincidence
A was not

generated by
PMTs.

400 600 800 1000 1200 1400

Expected Delay [ns




Rybrid coincidences
® PMT trigger?

~ 2 other coincs: antennas triggerecl BEFORE scintillators!

Coincidence B ity
Coincidence C

First trigger on Ant 151 First trigger on Ant 154

Ant152: +1/0ns Scint 1l: +234ns
Ant 155: +510ns Ant155: 4+248ns
Ant154: +574ns Ant156: +72Ins
Scant 111: +/49ns Scint 110: +844ns
Scint 159: +1415ns Ant 140: Y1074 ns
Scint 10: H143%4ns




Rybrid coincidences

® lnclepenclent reconstruction

Radio Scint

recons recons

Combined
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Coinch




Rybrid coincidences

o lnclepenclent reconstruction Concidence A

Radio Scint

recons recons

Combined
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® lnclepenclent reconstruction

Rybrid coincidences

Radio

recons

Scint

recons

Combined
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Rybrid coincidences

® lnclepenclent reconstruction

Radio

recons

Scint

recons

Combined

CoincA
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® lnclepenclent reconstruction

Rybrid coincidences

Radio

recons

Scint

recons

Combined

CoincA

O=51.4"
P =195.4

O= 514"
P =196.5

O=50.6
@ =194.0

Coinch

O=60.6
P =%58.6°

O=6%9°
© =358.6°

0= 614"
P =358.8

CoincC

O=56.2"
P =152

O=56.1"
Q=122

CRs were detected bg the

TREND autonomous radio array
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Rybrid coincidences

o lnclepenclent reconstruction

Coincidence C
Radio Scint : - |

recons recons

Combined

O=514" O=514"|0=50.6
P =195.4" @ =196.3" | =194.0°
©=60.6" ©=65.9" | ©=61.4
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Current developments

® [xtension along East baseline
50 antennas over & 2km?
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Next steps

® Site surrounded bg high mountains:

ideal target for high energy neutrinos +

screening for CRs
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® Site surrounded bg high mountains:

ideal target for high energy neutrinos

sc:reening for CRs
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Next steps

® Site surrounded bg high mountains:

ideal target for high energy neutrinos

screening for CRs
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Next steps

® Site surrounded bg high mountains:

ideal target for high energy neutrinos

sc:reening for CRs
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Next steps

® Site surrounded bﬂ high mountains:

ideal target for Iﬁigh energy neutrinos

sc:reening for CRs
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Next steps

® Site surrounded bﬂ high mountains:

ideal target for Iﬁigh energy neutrinos

sc:reening for CRs
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Simulations principle

Generate V; trajectorg

Generate interaction with the rock (Pgthia 6.4 14)
Tau Propagation (GEANTH)
Tau clecag (TAUOLA)

(inclined showers!!)



Conclusion

TREND validated as an autonomous EAS radio
detectorinstalled on the 2ICMA site.

6-antennas prototype has been running in 2009
for 24 live clags. Analysis resulted in 25 CR
candidates.

CRs autonomous radio detection confirmed with
an inclepenclent scintillator array in 2010.

|

xtension to 50 antennas on 2 km? in progress

Set~up & site oPtimizecl for UHE neutrino search.






