THE AMY (AIR MICROWAVE YIELD)
EXPERIMENT TO MEASURE THE
GHZ EMISSION FROM AIR
SHOWER PLASMA

Valerio Verzi®

INFN ROMA Tor Vergata
* for the AMY Collaboration

INFN e
L/ Istituto Nazionale
di Fisica Nucleare

Annapolis (USA), 9-12 June ARENA 2014



ENERGY SPECTRUM x E?>

Equivalent c.m. energy \s,, (GeV)
10? 10° 10* 10° 10°
'-D_/\ 1019:IIII* | | IIIIII| f | III*II| | | IIIIII| | IIIIII|
> - f ¢
1_“" — RHIC (p-p) Tevatron (p-p) 7 TeV 14 TeV v  HiRes-MIA
» 108~ HERA(G-p) LHC (p-p) A HiRes|
A — A HiRes
N % e Auger ICRC 2013
E vk TF ™ *  TASD 2013
M) =
o 1010 B at 1020eV
L = ~ 1 part./km?/century
X B
= 10" s
yeo — |
(()] [
c_U -
< —
D 4ok * ATIC e KASCADE (QGSJET 01)
= & PROTON = KASCADE (SIBYLL 2.1)
— o RUNJOB *  KASCADE-Grande 2012
10" *  Tibet ASg (SIBYLL 2.1)
: | llllllll | llllllll | llllllll | llllllll | llllllll | llllllll | llllllll L1 LIl L1 L1l

N1 10" 10" 10" 10'° 10" 10'8 10'° 10%° 10

e Energy  (eV/particle)
dE E’



Observations of microwave continuum emission P.W. Gorham et al.
from air shower plasma (SLAC) Physical Review D 78, 032007 (2008)

Microwave Bremsstrahlung Radiation (MBR)
1sotropic and not polarized (like fluorescence radiation)

Radio telescope ~ GHz Fluorescence telescope
duty cycle ~100% duty cycle ~10%
ﬂ/J\j\/\/‘/\‘
T

M‘

Secondary electrons excite N,

=> fluorescence radiation

Energy plasma
deposit T ~10°K

Secondary electrons produce bremsstrahlung

radiation in the field of the neutral molecules




AMY EXPERIMENT
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Beam Test Facility (BTF)

AT DADNE

INFEN Frascati National Laboratories

beam e

energy range 510 MeV
repetition rate few Hz
pulse duration 1.5 3 and 10 ns
max particle/bunch 1010

factor 10 higher intensity:

BTF 10" - ¢ o 510 MeV =~ 5x10"%eV
unc
SLAC 2x107—S %28 GeV =3x10"eV
.\ bunch

Observations of microwave continuum
emission from air shower plasma
Physical Review D 78, 032007 (2008)
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SETUP AT THE TEST BEAM
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A By [PeV]

SETUP AT THE TEST BEAM

energy deposited
Geant 4

N, = 10

Al O, Xo=7.5cm

6 modules remotely
controlled with
compressed air system

Radiation lenghts
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SIGNAL DEFINITION

For each bunch

* trigger from LINAC
* acquire beam and antenna signals with the oscilloscope (At =25 ps)
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voltage [mV]

three test beams
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CROSS/CO
POLARIZATION
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INTERPRETATION ?

Second peak seems
not generated by
reflections

* in the chamber

e cables
* amplifier

very difficult ...
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POWER vs BEAM INTENSITY
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power [dBm)]

FREQUENCY SPECTRUM

FFT of oscilloscope traces (average over many triggers)
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FREQUENCY SPECTRUM
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SIGNAL vs TARGET TICKNESS
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SIGNAL vs TARGET TICKNESS
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CROSS-POL SIGNAL WITH 4.7 X,
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 If MBR, in atmospheric showers the yield should
be lower

* Density flux (W/m?/Hz) ?



CROSS-POL SIGNAL WITH 4.7 X,
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CROSS-POL SIGNAL WITH 4.7 X,
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OUTLOOK
AMY: three successful tests at the BTF

not clear interpretation of the cross-pol signal
Cherenkov, MBR, ..?

strong coherence induced by the LINAC
- if MBR, in atmospheric showers the yield should
be lower

density flux (at 4.7 X,) ~ 5 x 10" W/m?/Hz

other test beam in Dec 2014: increase the sensitivity
between LINAC peaks
(hardware in narrower bands = 60 db amplifiers)
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Observations of microwave continuum emission P.W. Gorham et al.
from air shower plasma (SLAC) Physical Review D 78, 032007 (2008)

SLAC T471 experiment

anechoic RF absorber

1-3e7 e-/bunch
(up to 1 EeV
total energy)

log- P — 3
periodic R
antennas VL Aluminatarget
1-8 GHz —=__ (2-14 rad. length)
|l — Insensitive to
| - - cherenkov
‘ - 28 GeV e— beam radiation

lonization

Y *?3 A

SLAC T471, July 2004

Copper Faraday box IR l 3
. I :
S 10tk Jﬂ} 1.5-6 GHz, cross—pol. =
Oscilloscope signal S . l“'l‘ T,, = 400K
% :|||||||||||||||||: : 10_7|§_ : J{M“ 100 beam shot avg. 4
> 10 10 £ F BT :
SN : 2 el bﬁ ]
= 0 . CH: . l L”Ll‘l 1 é
] . — Lo \ 3
§ _10 B _: % 10-9 ;________:__i____njl‘ _él__1_s_h9t _____ —
= n ] & - . f?’ ;
< IIIIIIIIIIIIIIIII E : | 1 :
~20 0 20 40 60 s el AT W{Mv | W

Time relative to beam entry § | 41, 100 shots MBR, E

R |
7 ns decay o ,\.{ - no suppr ssmn_§|
constant, : \, full suppression 3
. . i O 1 L 1 1 L 1 -
compatible with 0 510 150

plasma cooling Time relative to beam entry



TRIGGER JITTER £t
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POWER vs BEAM INTENSITY
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POWER vs BEAM INTENSITY
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OSCILLOSCOPE SENSITIVITY

mean = -12%
RMS = 5%
Vs = 1 mV
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oscilloscope sensitivity guaranteed above 10 mV
at | mV: Vi, bias ~-12% (-24% in power)



