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Cosmic particles of
Ultra High Energy

UHE:
energy > 103 eV

Topics: violent
phenomena in the
Universe, UHE par’rlcles
produchon & '—

A century oId
still a lot to be learned!

Experimental challenge :.

low flux & indirect

- measurement.
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UHE partic

\Yile

es. messengers of a

ent Universe

Gamma rays: field now reaching

maturity (H.E.S.S., MAGIC, CTA,

LHAASO)

Large High Altitude Air Shower Observatory

Yangbajing, 4300m a.s.l., 6069/ch

ED: 5137, 1mx1mx2cm
5m spacin
MD: 1161, 6mx6mx2cm
30m spacing

WFCA: 3x8, 16x16pixels
130m spacing

SCDA: 5000m? (80m)
225 WCDA: 4x900
P170mx4m
300m spacing

IACT: 2
100m spacing



UHE particles: messengers of a
Violent Universe

« Gamma rays: field now reaching
maturity (H.E.S.S., MAGIC, CTA
LHAASO) . .« . .




UHE particles: messengers of a
Violent Universe

« Gamma rays: field now reaching
maturity (H.E.S.S., MAGIC CTA
LHAASO)




Radio detection of it ntrastr
UHE cosmic particles

® UHE cosmic particles e
generate Extensive Air — Electron
Showers in the atmosphere. —

Pion

® Lorentz force on charged
particles in the EAS by the
Earth magnetic field (Kahn
g Gt |
electroma
(geosynchrot

® Coherent effect

mm) detectable radio emissi




EAS Radio-detection strong points

- Measurement of EAS direction of origin, e,",ergyrn ature of primarn
« Easiness of deployment & cost! sl e .
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Radio detection of EAS: promising
BUT... not mature yet!

Self—trfi-gger\irj




The TREND collaboration

China: CAS




Tianshan Radio Experiment Neutrino
Experiment @ Ulastai, XinJiang

Very clean radio

environnement above 20MHz.
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The 21cm array

a radio-interferometer for the study of the
Epoch of Reionization (Wu XiangPing, NAOC)
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The 21cm array

a radio-interferometer for the study of the
Epoch of Reionization (Wu XiangPing, NAOC)
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g 2009: 6-antennas prototype

» Podl CR antenna

IR IRRRRRE  Ba 8

. RAER



2009: 6-antenna protfotype

« Autonomous frigger

« Algorithm for direction reconstruction
& background rejection

' CODALEMA
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I8 05 EAS candidates isolated in 2Iiveoy data. B
Sky distribution similar to CODALEMA resulfs.



2010: 15-antennas protfotype

- 15 antennas (butterfly type)
* 3 scintillators (EAS detecto




2010: 15-antennas prototype

* Independent analysis of radio & scintillator data.
— Antennas: EAS identification through selection algorithm
— Scintillators: 3-fold coincidences are EAS

« A posteriori comparison: 6 coincident events in 27 live
days (+7 with 2 scints), all with consistent reconstruction.

03/04/10 6143
19/04/10  55%]
23/08/10  42+]
27/08/10  30#]
01/03/11 45+]

W 09/03/11 5622

. b 1st quionomous |den’r|f|cq’r|on of EAS
& D. Ardouin et al., Astropart. Phys 24 (2011), arXiv:1007.4359 &




The TREND sefup

* 50 antennas deployed in summer+autumn 2010,
stable operation since March 2011.
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TREND acquisition chain

Opfical
recevier

Filter
50-200M

Filter
50-100M

Opfical
tfransmitter




TREND acquisition chain




TREND EAS search

CR signails

short/symmetrical/isolated
pulses

random time & direction of
arrivals

~plane wave front from sky

exponential decrease for
lateral amplitude profile




DATA PRE PROCESSING : STAGE 1

- Informations on run set-up (antennas, positions, delays....)

- Rejection of « empty » events (bug DAQ), corrected 02/2012).

« [dentification of coincidences between antennas.

Example of run 3577
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DATA PRE PROCESSING : STAGE 2

 Rejection of events with At consecutive = n.10 ms
- Main source of pollufion: power line

- On run 3577: 67.406 coincidences remaining (89% rejection)

- Influence on acceptance?
(mainly cross-point events, estimated dead-time ~10%)
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DATA PRE PROCESSING : STAGE 2

Antenna 113 Run 310 Event 1

 Signal waveform analysis:

Create « boxes » around parts of
the signal over the threshold

Amplitude [LSB]
o

- Total ToT
- Number of boxes |
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DATA PRE PROCESSING : STAGE 3

- Rejection of « bad » signals -> coincidences with muli<4 also rejected

« Forrun 3577, 22.244 remaining coincidences (66% rejection)

- For all remaining coincidences, reconstruction of arrival direction

 + For «shower candidates » (for now, events with 6 <65°), shower profile
reconstruction

90 West




DATA ANALYSIS

* Rejection of coincidences with inconsistent ground pattern

» Rejection of coincidences with bad direction reconstruction
- Track identification (A 68 /A ¢ <10° At < 1m) and rejection

« Forrun 3577, 432 remaining coincidences (98% rejection)
- Rejection on plane wavefront criteria

105 coincidences remaining, 3 with mult>4 and 6 <é5°
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TREND achievements

- One TREND EAS radio-candidate
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2012: preliminary results with
50-antennas array

« 104 days analysed so far: 33 EAS candidates.
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50-antennas array: to do

 Complete/refine analysis
-> larger stat (100-200 candidates)

Confirm expected radio-EAS distribution

Perform statistical analysis of radio properties

(lateral profile with E and 0, sky dls’rrlbuhon with E, ...)
— Perform cmaly5|s at large angles.

* Rotate a itenr qs-by. 90°v:~:(September 2012)




TREND future plan




Why cosmic neutrinose

» Universe studied throug
Earth (or satellites




Search for cosmic neulirinos
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UHE neutrino detection

~horizontal shower

¥

Chalenges:

« rate of neutrino showers (~ few per year ) -> compute it for TREND!
* background rejection (~few per second) -> prototype study!
Answers expected on these topics in the coming year!



Neutrino sensitivity simulation

= v DIS:
= Integrated cross sections (NC+CC) from Gandhi et al. (CTEQ4-DIS)
= Inelasticity randomised with Pythia + CTEQSd pdf |
» 1 propagation in rocks (energy loss + lifetime):

= t photonuclear interactions coded in GEANT4 followmg Duﬂa et ._al
(dominant energy loss process for'UHE ‘ ; -

. Detculed S|mulai o

loss, decay) accordit
GEANT4.

= tDecays Sk RN N N



TREND: role of mountains

E,=10'8eV .
Averaged over ¢

Significantly increase event flux

(x2)

Screen for « standard » CRs

Very attractive sites for detection
— Increased efficency

- — Befter geometry
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- should be a very strong

Background rejection...
polarization medsuremen’r?

EAS radio signal is polarized
(at 1storderE L v & E L B,

E, ,, can be simulated very
preasely knowing EAS geometry &
energy.

Knowing antenna response, V
can then be computed.

XY.Z

Therefore po
expecied
antenna of the ai
EAS candidate ->

Comparison of expected and.
measured polarization qus oy
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Profotype test

« To be installed at Ulastai asap (2013) and tested on
INnclined showers. Requires funding.

» Possible setup:










