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Setup of BRASS-p Experiment in University of Hamburg
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Theoretical Foundation
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Dish Antenna Search for Light Dark Matter

Horns et al. 2013

Hidden Photon
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Broadband sensitivity to a large parameter space
and resonant enhancement is compensated by
the large surface area.

Broadband Radiometric Axion SearcheS (BRASS)

m A parabolic mirror (collective mechanism)

m  Flat conversion panels (w/magnets) (signal
generation)

= Front and backend systems for receiving and

processing the signal (signal collecting) Prototype; BRASS_p
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BRASS-p Setup
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1™ Parabolic
Mirror Broadband Receiver
d=2.5m (12-18 GHz) .

Conversion Panel
(24 x 0.25m?2)
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Conversion Panels
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illumination surface area
isAy = 4.44 m2

Electric field (10-10 V/m)

Plane waves from
coherence conversion

Receiver

Nopt = 98 %
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e Broadband 12 to 18 GH to IF 4-8

GHZ' MAX PLANCK INSTITUTE J‘
e 3-LNA-chain with 1st stage
operated at approx 10 K
. . HEMT [>—®_%_ D_%_-’ :1F-81GHZ
e Two polarizations outputs for DM D ~ r
signal study/rejection. D—LLJ E - [
our —l I> ~
B Stage L S ®__§_ S,
Warm Stage ;

w100 MHZ
Reference 9



Optical Calibration and CLUSTER OF EXCELLENCE
. A Universitst Hamburg Coupling Efficiency QUANTUM UNIVERSE

Effective Area = Projected Area x 7], 1. High surface deviation - reducing plane wave
formation (17,/)
7’]A = i’]sf . ﬂﬂ . nsp . nopt . nph 2. Bad antenna design - reducing illumination and

spillover efficiency (7; - 7;,)
3. Bad receiver positioning - reducing phase center
coupling efficiency (17, )

Surface
< deviation
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2 billion cloud points

Fixed and well
\calibrated
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Parabolic mirror has 6, = 4 — 7um . il T
Conversion area o, = 0.3 mm = nos T
(Ruze's Formula) , T
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Noise system is 2-4 times higher than T_rec
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(22 suspecting the environment :

12 13 14 I 10 17 18

) noi i i !
() noise from 1st stage LNA (a circulator will help!) Fragquency (GH7)
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e Second down-conversion the signal from the receiver to a
DC -4 GHz IF range.

e 4 interleaved FPGA at 2 GSPS each digitizing the IF signal.

e Data is transferred to the acquisition PC and temporally
stored on disc. Following by the interleaving and FFT.

e GPU powered FFT produces high resolution (up to 25 Hz)
with real-time post processing.
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— v rolanzation ¢ 19.8 second of time data.
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Important for transient stream/tidal dark matter signal.

Lowest det power is 10~2! watt over 12-16 GHz/14-18 GHz in only 19.8 sec
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http://github.com/cajohare/AxionLimits
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Field is not
concentrated

—

—/ —/

Very much affordable!

Single
Magnet
Cube

Optimized Binary Profile Averaged horizontal field

strength is approx 0.9 Tesla
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Converted Radiation Simulation
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e Axion dark matter density is considered stable
¢ Thermal Virialised dark matter following Maxwellian profile

(Psrapy = 0.45 GeV/ecm3)
e Solar system with in the minivoid (P minivoid = 0-07504p1)

-> Stronger magnet panel (2-3 Tesla), larger surface
area (x 10), dielectric implementation.

EGGEMEIER et al. PRD 107, 083510 (2023)
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e Axion dark matter density is transient and modulated

¢ Minicluster/axion stars colliding

(Pminicluster ~ (10> - 108)psthM)

e DM Stream/tidal/seasonal gravitation focusing

Stream: Bijunath R. Patla et al 2014 ApJ
780 158, Frere et. al Phys. Rev. D 77,
083005, Tinyakov JCAP 01 (2016) 035,
Kryemadhi arXiv:2210.07367. Axion Quark

Nugget: Zhitnitsky MPLA Vol.36, No.18,
2130017 (2021)

Eggemeier et al. Phys.
Rev. Lett., 125.4 (2020)
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Ellis et. al 10.1103/
PhysRevD.106.103514
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e BRASS is the synergy between radio astronomy
and WISPs direct search. 10770

e State-of-art receiver and digitizer (4 GHz, 125 Hz)

e Sensivity to various scenarios of WISPs (non-
polarization HP, polarized HP, Thermal Virialized
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DM, Transient DM) during one instance of 1013 IR
acquiston. A LT R
e Future 107 25 94 § &
¢ Mounting magnet panels for ALPs search 015 ; g m
(2023) T T T T T T T T T TTTTT]
e Implementation of dielectric configuration 10 i delf;;oton I 1072 107

for magnet panel.
¢ Different frequency band with different
receiver + next gen digitizer (16 GHz)

Sensitivity of the BRASS-p (probably exclusion limit too)
with the other future implementation of available receiver in MPIfr.
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Thank you for your attention
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