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Four Years on Mars
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Four Years of RAD Data



Whatõs New with RAD

Ô Configuration changes:

ÔDoubled RADõs data volume.

ÔUpdated Flight Software.

Ô Tweaked calibration, dosimetry slightly affected.

Ô Science Team:

ÔPublished charged particle flux results for cruise ðBent.

ÔBent and Jingnan updated analyses for Modeling Workshop ð
stopping and penetrating charged particle fluxes, neutron / g
inversion.

Ô Jingnan has updated atmospheric shielding studies.

ÔMany model results from Workshop, Daniel will present.

ÔComparisons with data from other flight instruments.

ÔAngular dependence ðR. Wimmer, CAU Kiel

ÔCo -rotating Interaction Regions ðH. Lohf, CAU Kiel

ÔAlbedo proton study ðJ. Appel, CAU Kiel



Flight Software Updates

ÔAdd dedicated counter for òNo Readoutó events.

ÔObscure but important, has factor of ~ 2 effect on 

normalization in previous neutron analysis.

Ô Increase # of histogram bins from 16 to 64 for B and E 

dosimetry.

ÔEvery energy deposit that contributes to the dose 

measurement in B or E is entered in the corresponding 

histogram, previously had only 16 bins in each so not very 

useful.



òNo Readoutó Triggers

ÔA òfastó trigger starts Level 2 processing.

ÔThree readout channels have fast triggers enabled:

ÔBU = ultra-high -gain readout of B detector.

ÔDH, one of 6 readout channels for the CsI.

ÔEH, one of 6 readout channels for the plastic scintillator.

ÔLevel 2 pattern matches depend on òslowó triggers:

ÔFor the scintillator triggers, we require 2 -diode coincidences, 

e.g., DH*DI where DI is a readout channel connected to one of 

the other photodiodes mounted to D.

ÔWe can have a fast trigger with no slow trigger.

ÔMost common cause: g-ray hitting scintillator readout diode.

ÔNo slow trigger Č event is not digitized.



Why It Matters

ÔRAD does not store all event records.

ÔPriority scheme for storage ðLevel 3 assigns 0, 1, 2, or 3.

ÔAnalyses that use event records require correction for òstorage 

efficiency.ó

ÔAll priority 2 & 3 events are stored, > 80% priority 1 stored.

ÔDosimetry -only and neutral particle events get priority 0, and 

only ~ 0.3% are stored (was ~ 0.1% earlier). 

ÔCorrection = (pri0 events counted) / (pri0 events stored) 

according to initial assumptions. However, òevents countedó 
includes òno readoutó events Ą correction factor was 

overestimated.

ÔCorrect correction ~ factor of 2 lower.

ÔOur neutron spectrum paper suffered from this problem.



Revised Neutron Dosimetry Results

ÔChanges in results roughly consistent with factor of ~ 2 

from revised storage efficiency correction.

ÔAlso roughly consistent with estimate from simple D 

and E dosimetry analysis.

Neutron 

Dose Rate 

(µGy/day)

Neutron 

Dose Equivalent 

Rate (µSv/day)

Kohler, Sol 1-194 14 ± 4 61 ± 15

New, Sol 1164-1224 4.9 ± 1.3 22 ± 4



Simple Dosimetry Using Onboard 

Neutral Histograms

ÔUse onboard neutral 

histograms rather than PHA 

event records.

ÔFor workshop period, neutral 

dose rate in E averaged 5.9 

mGy/day.

ÔD neutral dose rate averaged 

7.5 mGy/day. 

ÔTotal = 13.4 mGy/day.

ÔCumulative dose distributions 

shown for D and E.

D E



Contributions to Neutral Dose Rates

ÔNeutron shares approximated from Janõs GEANT4 

simulations and the cumulative dose distributions.

ÔVery hand -waving but in reasonable agreement 

with new inversion result of 4.9 °1.3 mGy/day.

Dose rate

(mGy/day)

Neutron

Share

Neutron Dose 

Rate (mGy/day)

D 7.5 25% 1.9

E 5.9 90% 5.4

Total 13.4 54% 7.3



Calibration Tweaks

ÔCalibration last adjusted in Jan. 2012 during cruise to 
Mars, based on observed MIP peaks.

ÔElectronic gains are slightly temperature sensitive. 

ÔTemperatures in RAD were 28 C̄ to 35 C̄ during cruise, 
averaging 33 C̄.

ÔOn surface, range is 9 C̄ to 39 C̄, average 18 C̄.

ÔOnboard compensation tables not perfect.

ÔCareful study showed +2% change for BU, -5% for other B 
channels, net effect ~ +1%

Ô3 of 4 E channels needed adjustment, net effect ~ -5%.



E/B Dose Rate Ratio

ÔRatio approximates the òsilicon 

to wateró factor, buté

ÔPlastic isnõt water.

ÔSensitive to thresholds, calibration, 

environment.

ÔOn Mars, likely contribution from 

low -energy albedo protons that 

stop before B

ÔPossibly sensitive to RTG 

background.

ÔAffected by nuclear interactions 

in the detectors, E includes 

fragments made in D.


