MOLECULAR PROFILES ABOVE
THeCTA SITES

Pere Munar-Adrover & Markus Gaug for the CTA Consortium
(www.cta-observatory.org)
Universitat Autonoma,de Barcelona
pere.munan@uab.cat

cta

UrB

Universitat Autonoma de Barcelona

P Munar-Adrover AtmoHEAD 2018 Meeting Anacapri 23-09-2018


http://www.cta-observatory.org/
mailto:pere.munar@uab.cat

BHERENKOV | ELESCOPE ARKESS

P Munar-Adrover AtmoHEAD 2018 Meeting Anacapri 23-09-2018 2



CHERENKOV TELESCOPE ARRAY

Heidelberg
MPIK

Fa\

Spain
La Palma

Bologna
INAF

Chile ' o
Paranal

al
[ )
Q15 Google, Inst. Geogr. Nacional @ Array Sites @ CTAO Offices @ Science Data Management Centre
O298Me00gle

Paranal Map:

P Munar-Adrover AtmoHEAD 2018 Meeting Anacapri 23-09-2018



BHERENKOV | ELESCOPE ARKESS

Spain
La Palma

Chile
Paranal

%
[ ) . -
B15 Google, Inst. Geogr. Nacional @ Array Sites @ CTAO Offices
Paranal Map: ©2@4#88&eogle

P Munar-Adrover AtmoHEAD 2018 Meeting Anacapri 23-09-2018



CHERENKOV TELESCOPE ARRAY
LBy

T T T T T T | T T
- Northern Hemisphere . e Southern Hemisphere Type:
| |
|
n i i _
23-mLST @ " " o " 23-MLST @
, 12-mMST o ) - ) 12-MMST @
- : (MAGIC) © " . ° . " 4-MSST =
o)
-' ; MST9 f— o ™ 1 - _
— Mg4 s ] ] "
/ @ @ @ @ (@) [0)
MST 5 -] ™ a a ™ 7]
ng' | @ @ ©¢ ©o .
i w3 » 2 2 1 - = = = © 0@go@g® © = = = 1 a
MST15 O
15.1'2 P | MAGIC-1 (-] @ (@) . @) (@) ]
O o (o} - ] L L] ] -
(o) LST1 MST6 ® 10}
MST8 MAGIC:2 250 m 2 e © e ]
(] | ]
MST2 o - | L] L] . - 1000 m
© (5} MST 11 (@]
N MST 1 MST 7 1w - | | -
| |
(0] |
MST 12 o - ™ ™1 a
MST 13 ® | | | R 4
MST 14 Circle:
- 400 m L Circles:
s o - 400 m
- 800m
N | -1200m
| | | |
L ! ! ! 4 LSTs, 25 MSTs, 70 SSTs

4 LS4 LSTs, 15 MSTs

P Munar-Adrover AtmoHEAD 2018 Meeting Anacapri 23-09-2018



CHERENKOV TELESCOPE ARRAY
i

» Observe Cherenkov light from

particle cascades
» Use atmosphere as calorimeter

* Molecular content and aerosols
tllicer tFansmission of

Cherenkov light

* Need for good characterization
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EOMPARED GLOBAL AT
ASSIMILATION MODELS

Study density profiles at different
heights, select the best model
and to check wether a single
epoch was enough to describe
the atmosphere

« GDAS Final analysis }

« ECMWF ERA-Interim

* MERRA-2
} Their reanalysis do not cover recent years
£ CFRS
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e GDAS MO

* Model goes from O to 25 km with 26 pressure levels. 4 values per day for
each variable

» The NCEP final analysis (GDAS) models can be downloaded from the web:
ftp://arlftp.arlhg.noaa.gov/pub/archives/gdas |/

- Not a reanalysis

» Python script to select and download GDAS final analysis location specific
data (2.5 Mb per month)

» Many parameters available

» Grib files need to be read just once (slow to read. Python pygrib). Ve then
transform to dataframe files
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ftp://arlftp.arlhq.noaa.gov/pub/archives/gdas1/

e cCMVWEMODES

» Model goes from 0 to 50 km with 37 pressure levels and many
parameters avallable (wind dir, rel. humidity, vorticity, T...). 4 values per
day for each variable

» The ECMWF ERA Interim (reanalysis) data can be downloaded from:

» https//www.ecmwi.int/en/research/climate-reanalysis/era-interim
» Registration on ECMWF needed

 The web server allows to pick the corresponding grid point (on a 0./5°
orid)
* Downloading, once selected for La Palma or Paranal site, means about /

Mb per month (done with a python script; only works with python
1S

» Grib files need to be read just once (slow to read. Python pygrib). VWe
then transform to dataframe files
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GDAS vs ECMWF

Table 1: Data assimilation systems overview

ERA-Interim GDAS
Availability 1979 - present 2006 - present
Grid spacing 0.75° 1.0°
Temporal resolution 6 h 6 h

Selected dataset time span  2012/01 - 2016/12  2012/01 - 2016/12
Closest grid point North 28.5°N 18.0°W 29.0°N 18.0°W
Closest grid point South 24.775°S 70.5°W 25.0°S 70.0°W
Pressure levels 37 26
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EHIECKS ON THE MO

* Analyzed 5 years of data: from 2012-01-01 to
2016-12-31

» Compared to atmospheric models used in latest CTA
instrument simulations (PROD3)

« Compared North and South sites density at |5 km a.s.l.

where seasonal variations are largest

* Always selected data with good weather conditions: R
< 90% and low wind conditions on ground level

» Produced input files for simulations package (CORSIKA)
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ECMVVE NORTH SFEE

PR (OF2 U6 density at |5
km.We define 3 seasonal
periods (W, 5, 1)

Winter: Jan, Feb, Mar, Apr,

| 5-30 Nov, Dec

Summer : 20 Jun, Jul, Aug,

[-15 Sep

Intermediate: May, 1-19 Jun,

| 5-30 Sep, |-15 Nov

BN Wciober s a
complicated month
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ECMVVE NORTH SFEE

Averaged density over time for every height level

Thick error bars represent standard deviation of the distribution
Thin error bars represent peak to peak extremes

Seasonal variations clearly visible above |2 km
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ECMVVE NORTH SFEE

Relative difference w.rit. PROD3

| Relative Difference ECMWEF w.r.t PROD3 model
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NORTH SITE

Relative difference between ECMWFE and GDAS
Small up to 20 km

Relative Difference ECMWEF w.r.t GDAS

GDAS not optimal 005
for stratosphere 0.06 -

0.04 -
0.02 - S —

1 g ' ; ! i i : E ! I m— )
0.00 - | ............. T ........... . ............. . ............. T .......... . .............. ||I ,,,,,,, ll ----------- II

_0.02 - : : : : e

Rel. Difference

—0.04 -

—0.06

summer

—0.10 - ¢ intermediate

T i T I T I T I T I T I T I T I T I T I T I T I T
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 20000 22000 24000
h a.s.l. [m]

P Munar-Adrover AtmoHEAD 2018 Meeting Anacapri 23-09-2018



ECMVVE SOUTH S

e A2eio 2016 density at
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* Less amplitude than in
North
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ECMVVE SOUTH S

Averaged density over time for every height level

Thick error bars represent standard deviation of the distribution
Thin error bars represent peak to peak extremes

» Seasonal variations clearly visible above [0 km
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ECMVVE SOUTH S

Relative difference w.rit. PROD3

| Relative Difference ECMWEF w.r.t PROD3 model
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NORTH SITE

Relative difference between ECMWF and GDAS

Bigger than In the
North
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ECMWE CORSIKA INPUT FILE

Table 1: Example of Corsika input file. South summer

Produced Corsika input file

P Munar-Adrover
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Altitude 0 thick n-1 s 4 pw / p
k] g/cm?] g/cm?] K] [mbar]
0.0 1.18 x 10™%  1.03 x 10°  2.75 x 10~* = 2.98 x 102 101 S0l
— - 1.0 1.07 x 1073 9.18 x 10° 249x107* 293 x 102 9.00 x 102 1.80 x 1072
—Or eaCh Sl'te 2.0 9.58 x 1074 817 x 102 223 x 104 = 2.91 5 102 SRIG ISR nE S e
3.0 863 x107% 7.27x10> 2.01x107% 288x10°% 7.13x10> 6.55x 1073
:OI” eaCh e OCh 4.0 779 x107%  6.45x 102 1.82x107* 2.83x 102 6.33x 102 3.16 x 1073
p 5.0 706 x 100* 5.71x102 1.65x10~* 2.76 x102 5.60 x 102 4.06 x 103
=5 : 6.0 6.38 x 107%  5.04 x 10> 1.49x10™* 270 x 10> 4.95x 10> 1.49 x 1073
—OI" eX‘['_I"eme \/al UeS 1N 7.0 576 x 107% 444 x 10> 1.35x107* 263 x10° 4.35x10> 6.38x107*
8.0 5.19 x 10=% = 3.90 x 102  1.21 x 105 ; 2.56/x 102 S 31325 (-0 EGECNiline
T ' 9.0 466 x 107 3.41x102 1.09x107% 249 x 10> 3.34x10> 1.06 x 1073
.he deﬂSIty pI”Oﬂ |eS 10.0 419 x 107* 297 x 102 9.78 x 107° 242 x 102 291 x 102 1.01 x 1073
11.0 3.76 x 10* 257x102 878x107° 234x10%2 2.52x10%2 5.63x10°*
12.0 3.35 x 10~%  2.22 x 10% = 7.83 x 10=° ~ 2.26"x 102" 21 =SSl
13.0 298 x 107* 190 x 102 6.96 x 1075 2.18 x 102 1.87x 102 6.99 x 10~5
14.0 263 x 1072 1.62 x 10% = 6.14 x 1072, 2.1 ¢ 102 G ORSEI() NI S i
PI’“Od Blce M C al’]d CheCk 15.0  2.30x107% © 1.38x 102 5.36 x 107"  2.05/x 102" 1-355< (2R SNErAE STt
16.0 1.99 x 107% = 117 x102  4.65x 102 200 10205 11450 SuSnNAR S i
d Iﬁc‘e rences bet\/\/een e OCh S 17.0 1.72x 1074  9.82x 101 4.01x10"° 1.95x102 9.63x 10! 9.83 x 107°
p 18.0 146 x10°% = 825 x10' 341 x107° 1.93 1021510950 NENEIC i
. 19.0 1.22x107* 693 x 101 285x107° 1.94x 102 6.79 x 101 8.74 x 10~
N r‘econs‘tr‘u C‘ted E among 200  1.01x10% 583x10! 235x1075 1.98x102 571x10' 1.08 x 10~5
/ 21.0 825 x107%  4.92x 10! 1.93x107° 2.04x10%2 4.82x10' 9.42x 106
Ui 22.0 6.82 x 107  4.17x 10" 159 x107° 2.09x 10> 4.09x 10! 263 x 1076
Oth e q uantrties 23.0  569x10-5 356x 100 1.33x10-5 213 x102 349 x10' 5.72 x 10-19
24.0 480 x107°% = 3.05x10% 112 x107° 217 x 102 2.99 <10 Tuud sl
25.0 4.07 x107% 261 x10' 9.50 x 1078 219 x 1021 256510 NG




CONCLUSIONS

* Investigated long-term variations in the molecular density profiles above both CTA sites
By observing density at |5 km:
« Smoother transitions between seasons and smaller amplitude in South
» This allows us to propose 3 seasonal periods in the North site and 2 in the South

« Comparing density profiles:
« Confirmed that one seasoal period does not describe well the atmosphere
» Differences between the defined seasonal periods and the PROD3 simulations model:

« PROD3 is more consistent with the summer seasonal period in the North and with the winter In
the South

» Differences between our profiles and PROD?3 can be as large as 9%

« Differences between GDAS and ECMWF are of a ~%
« Created CORSIKA input files for each site and epoch and for selected extreme cases

Future prospects:
* Produce MC with new input cards and evaluate the differences in reconstructed energy.

EERRISientin CTA Pipeline (CTApipe)
* Drafting a paper
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