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LST muon issues

Muon rings are mostly observed as single-telescope events

LST has HW-trigger ⇒ single-telescope LST events need

special HW conditions (mono-runs). Essential for us to check

the stereo-LST muons

Probably necessary to �ag muons e�ciently at level of the

camera server, from un-calibrated images, so ensuring that all

`usable' estimated muon rings are written on disc.
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Muon simulations

Corsika (provided by K. Bernlöhr) - Input card de�nition

sim_telarray (provided by K. Bernlöhr) - Input card de�nition

Data interpretation and analysis:

Counting of triggered events

More advanced event handling:

CHIMP + MARS
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Corsika Input: Telescopes

Site: La Palma

Telescopes: LST id 1,2,3,4 (Altitude site: 2147 m, orography

considered)
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Corsika Input: Other Parameters

Atmosphere and magnetic �eld from Prod3:

Atmosphere: 36 Y

Magnetic �eld: 30.541 23.814

Energy: 4 GeV - 1 TeV
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Corsika Input: Other Parameters

Injection height:

hinj = htel + 2R/tan(θc) = 2147m+2 · 11.5 · 115m= 4792m

FIXCHI (starting altitude [g/cm2]): atmospheric depth at

ground level: 811.455 g/cm2 ⇒ FIXCHI= 594g/cm2

All other parameters taken from Prod3 La Palma simulations
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Corsika Input: Stereo analysis

Injection height optimized for mono analysis (full ring in a

single telescope)

hinj = htel + 2R/tan(θc)⇒ hinj =

htel + (2R + Dist)/tan(θc) = 16281m ⇒ FIXCHI= 155g/cm2
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Simtel

Starting point: standard Prod3 LST card

Mono: only events that triggered LST 1

Stereo: events that triggered an LST pair

No other changes!

All observations are on axis
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Simtel: Triggered events

Percentage of events that triggers from the simtel log �le:

θ

FIXCHI 0. 20.

Mono (only LST 1)

155 6.3% 8.8%

594 3.0% 2.5%

Stereo
155 12.4% 12.8%

594 0.03% 0.17%

Before applying any cut!
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Simtel: Triggered events

From the simtel log �le:
MONO
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Simtel: Triggered events

From the simtel log �le:
STEREO
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Simtel: Triggered events
STEREO

LST 1 LST 3

macro by T. HassanP. Cumani 12
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CHIMP: Convert Hessio Into Mars inPut

Transforms CTA MC �les into calibrated �les for analysis with

MARS

Di�erently from the �usual� analysis:

No minimum number phe− to store

No time �t is applied during the trace extraction process
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CHIMP
MONO

macro by T. Hassan
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Muon search & �t: Mono Cuts

1 Image Cleaning

2 Pre-cut: Size> 150

3 Calculation of the search parameters

4 Search cut

5 Calculation of the calibration parameters

6 Final cut
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Muon search & �t: Mono Cuts

1 Image Cleaning

2 Pre-cut: Size> 150

3 Calculation of the search parameters:

Radius

Standard deviation from the estimated ring

Center position

Charge outside the ring

Mean arrival time of core pixels

RMS of arrival time of core pixels

4 Search cut

5 Calculation of the calibration parameters

6 Final cut
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Muon search & �t: Mono Cuts

1 Image Cleaning

2 Pre-cut: Size> 150

3 Calculation of the search parameters

4 Search cut:

1◦ <Radius< 1.5◦

σr < 0.14◦

5 Calculation of the calibration parameters

6 Final cut

Cuts NOT optimized!
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Muon search & �t: Mono Cuts

1 Image Cleaning

2 Pre-cut: Size> 150

3 Calculation of the search parameters

4 Search cut

5 Calculation of the calibration parameters:

Opening angle

Width

Brightness

Gaussian �t to time pro�le

6 Final cut
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Muon search & �t: Mono Cuts

1 Image Cleaning

2 Pre-cut: Size> 150

3 Calculation of the search parameters

4 Search cut

5 Calculation of the calibration parameters

6 Final cut:

0.02◦ <Width< 1◦

180◦ < φ < 360◦: at least a half ring

σradius < 0.08◦

σtime < 1ns

Cuts NOT optimized!
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Muon search & �t: Mono Results

Size: 1862 phe−
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Muon search & �t: Mono Results

Size: 1395 phe−
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Muon search & �t: Mono Results

Cuts NOT optimized!

Survival Percentage

Cleaning Pre-cut Search Final

θ
0◦ 98 68.3 10.4 0.6

20◦ 98 67.9 9.1 0.6
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Conclusions

LST muon analysis just starting:

Mono analysis a little more advanced

Stereo analysis is at a very early stage

Not completely sure about corsika/simtel con�gurations
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Future Prospects

Reconstruction:

CHIMP is not optimal

Tune CHIMP+MARS to get preliminary results and move to

ctapipe

To totally assess muon calibration:

Di�erent atmospheric conditions

Di�erent NSB conditions

Mirror defocussing

Coma e�ects

Etc. . .
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Corsika input card
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Simtel input card

Starting point: CTA-ULTRA6-LST.cfg

Mono

Stereo
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