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CHIME Overview

80m

 Transit radio interferometer

* Observe between 400—800 MHz
* 1024 dual-pol antennas (Trec = 50K)
* Located @ DRAO in Penticton, BC, Canada




CHIME Overview

80m

 Transit radio interferometer

* Observe between 400—800 MHz
* 1024 dual-pol antennas (Trec = 50K)

* Located @ DRAO in Penticton, BC, Canada

* 120 x 2 degree FOV
e 7x 511 beams = 15 arcmin resolution

Beam:
~120 x 2 deg




CHIME Overview
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80m
 Transit radio interferometer

* Observe between 400—800 MHz
* 1024 dual-pol antennas (Trec = 50K) | peam:. y
 Located @ DRAO in Penticton, BC, Canada
* 120 x 2 degree FOV
e 7 x 511 beams = 15 arcmin resolution

* Observations started March 2018
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CHIME Science Goals
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HI Intensity mapping : at what redshift?

redshift :

z=0.8
redshift :

z=2.5 t=7 Gyr

t=3 Gyr e
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21em [V 38em (800 MHz)



HI Intensity mapping : at what redshift?

. 7z~0.8 HI has
| 2=028 4 - been detected
redshift : X .
z=2.5 t=7 Gyr ) 1N Cross-
t=3 Gyr - o L correlation
\ (GBT and
WiggleZ /
Deep2)

21cm IV 38em (800 MELZ)



BAO Forecast
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Front End: Reflector + Feeds

|

Analog
Receiver Chain

!

FPGA Digitizer /
Channelizer

!

GPU Correlator

/N

Real-time
Backends

Deng et al, 2014



Fr()nt End: Low Noise Amplifiers
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Front End: Filter Amplifiers

efectr

| Shipping container

Analog
Receiver Chain
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FPGA Digitizer /
Channelizer

&> - 2
- o T P i s
" - \ i . S $ e 7 o
. e
» \ N\ shiin. I .
>

GPU Correlator E ,;3 = .;-3 Py
Py 0% p* ) 7

ol r
’ .
) Ves Ve Ve
. v .
\ ‘, - - s
e . b 3 R K.
M N ) 'Y Y Y & \ 1 <4 ‘ . 3 ] Y e\ S
1 ) N o \ %) 1 1 -
g b e O - b < 6.9 | 1 N3 3 ‘
- = B 3 2y — & —x ¥ VE L ‘ 19
) { ) 2 h S d : d . '
! =3 s “ 4 ‘
s < ‘ i < ¥ i ;
. . [ i { . W -
¥ . a' . Y y \
< N | ’ s 3 T, W A 3
3 / » & - > I ] \ y L .
E 4 » o ) p \
. N w J
‘ . : |
h
\
¥ )

F oy
. T

.....

_ Real-time
Backends




Correlator F-engine

rerzt | * Uses ‘ICE’ boards
Reflector
| developed by a team at T
nalo 1 ~ £ %
Recgve:' ghain McGill | g g
| * Signal from each antenna i
H o=t sampled at 800 MHz CHIME quadra
! » each board processes 16
GPU Correlator inputs @ 8 bits = 96 Gbps
N\ * CHIME has 128 boards =
— | Real-time
Backends 13 prS

e Raw time stream turned

into frequency channels
in FPGAs




Correlator X-engine

eflctr

!

Analog Receiver
Chain

!

FPGA Digitizer /
Channelizer

!

GPU Correlator

Realtime || o Fu]l pairwise multiply, accumulation in time

Backends

» Computationally hard
« Use GPUs (1024 AMD Fiji cores)
» Efficient : 50 GigaOp /W
* Developed by team at U Toronto
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Calibration requirements

Systematic bias (red > 10; blue < 10)

Instantaneous Gain Beam width
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Need better than 1% gain calibration: Need to understand beams at 0.1% level:
Thermal models (Sidhant Guliani, Mateus Simulations (Meiling Deng); holography
Fandino); noise injection (Juan Mena Parra) (Alex Hill, Laura Newburgh, Phil Berger)

(slide from Richard Shaw) Shaw et al. 2015, arXiv:1401.2095



The reason this is hard...

Beam amplitude [dB]
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Amplification and
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Holographic beam scans from CygA

685.4 MHz
« + CygAlJuly5 |1
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Holographic beam scans from multiple sources

Berger et al 2016
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Can also use ... Drones!




Summary

e CHIME will measure BAO from z~0.8-2.5
 Sept 7, 2017: First light

* March 2018: Began collecting reduced resolution and partial
frequency science data

* Sept 2018: Began collecting compressed full-resolution and full-band
data

 21cm observations are hard because of foregrounds, but removal is
feasible with tight control /understanding of calibration, primary beam
shape, RFI cleaning/other masking, etc

* Scope and size of problem needs innovative techniques



