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Fiber lllumination Errors are Uncalibratabl¢

Instrumentaleffects suchasthermo-mechanicaland detector variationscan be calibratedout usinga stable wavelengthreference
suchasa LaserFrequencyCombor etalon cavity Howeverfiber & illumination errors are uncalibratableand therefore must be
understood and mitigated during design, fabrication and testing. We discusssome of the on-sky tests performed with the
HabitablezonePlanetFinder(HPFand NEIDto validatethe lab tests of our ball lensdouble scramblerfor both theseinstruments,
andalsodemonstratea viableoption for the next generationof EPRWstrumentsto mitigatetheseerrors

BallLens Double Scrambl

Describedin Halverson& Roy et al. (2015, the
doublesscramblerused in HPFand NEID utilizes a
singleball lensof refractiveindexn a 2 to efficiently
exchangdiber near& far field.

Input Pupil Changes®»

Labtests (right) demonstrate high scramblinggains
(> 10,000) which desensitizethe fiber output from
iInput illuminationvariations

Minimal Changes

In Output
Very important for fiber-fed EPRVspectrographs inoutpu

without gasabsorptioncells!

HPF @ HET, I\/IcDonaId Observat ,

0. HPFis a nearinfrared RV
spectrograph located at the
HobbyEberly Telescope(HET)
which is a 10-m fixed altitude
telescopein TexasUSA Asthe
telescope tracks an object

1. We model the telescope illumination as a
collectionof individualelementsto simulatethe
effective pupil after accounting for changing
altitude andobscuration

GJ 411: Observation Time = UTC 2019-05-12T05:56:37.371
X centroid=0.077 m, Y centroid=0.849 m
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2. Aspart of our engineeringtests, we observethe
bright M-dwarf G3411 over a couple years and
obtain 1200exposuresacrosA0 visits

4. We find no discernableRVtrendsasa function of these
- . parametersand rule out illuminationbasedRVerrors for

Animations gt 4.6 + 26cm/s.

of pupil

changes

See Kanodia et al. (2021) for more detal

NEID @ WIYN, Kitt Pee

NEIDis an optical RVspectrographocatedat the WIYN3.5 m
telescopein Arizona,USA It usesa similar ball lens double
scramblersystemasHPI-

During commissioning,we used a dedicated Calibration
fiber and deterministically offset it on the face of the
Sciencdiber to placelimits on the scramblinggain>10,000
or roughlynearfield scramblingerror <4.0 cm/s.

With an instrumental error budget of only 27 cm/s, the
uncalibratableillumination errors must be mitigated by the
scrambling system These also dictate the pointing and
guidingtolerancedor the telescopeand port adapter

See Kanodia et al. (in prep.) for more detail§

Thiswork waspatrtially supportedby fundingfrom the Centerfor Exoplanetand HabitableWorlds TheCenterfor Exoplanetsand HabitableWorldsis supportedby the Pennsylvani&tateUniversity the EberlyCollegeof Scienceandthe Pennsylvani&paceGrantConsortium Theseresultsare basedon observationsobtainedwith the HabitablezonePlanetFinderSpectrograpton the
HET We acknowledgesupportfrom NSFgrantsAST1006676 AST1126413 AST1310885 AST1517592 AST1310875 AST1910954 AST1907622 AST1909506 AT12009889 ATI2009982 and the NASAAstrobiologylnstitute (NNA9DA76A) in our pursuit of precisionradial velocitiesin the NIR We acknowledgesupportfrom the HeisingSimonsFoundationvia grant 2017-0494
Computationsfor this researchwere performed on the PennsylvanisState! y A @ S Mtituté dramputationaland Data{ O A S RdarSup&computer,includingthe CyberLAMRIuster supportedby NSFgrant MRF1626251The HobbyEberly Telescopés a joint project of the Universityof Texasat Austin,the PennsylvanisState University, LudwigMaximiliansUniversitat
Minchen,and GeorgAugustUniversitatGottingen TheHETis namedin honor of its principalbenefactors William P. Hobbyand RobertE Eberly TheHETcollaborationacknowledgeshe supportandresourcedrom the TexasAdvancedComputingCenter We thankthe HETstaff for continuedsupportandtheir dedicationto the faC|I|ty andfor the Skl||fll| executlonof our observations
of our observationswith HPE

Basedn part on observationsat Kitt PeakNationalObservatoryp { ON@ERLapmanagedby the Associatiorof Universitiesfor Researchin Astronomy(AURANder a cooperativeagreementwith the National Science~oundation Theauthorsare honoredto be permitted to conductastronomicalresearchon lolkam
5 dzQ(KitHPeak)a mountainwith particularsignificanceo the Tohonoh Q 2 R.Ohtapresentedhereinwere obtainedat the WIYNObservatoryfrom telescopetime allocatedto NNNEXPLORErough the scientificpartnershipof the NationalAeronauticsand SpaceAdministration the NationalSciencé~oundation and
the NationalOpticalAstronomyObservatory Deepesfgratitudeto ZadeArnold,JoeDavis Michelle Edwards,JohnEhret, TinaJuan BrianPisarekAaronRowe,FredWortman, the EasternArealncidentManagementTeam,and all of the firefightersandair supportcrewwho fought the recentContreradire. Againstgreat
odds,you savedKitt PeakNationalObservatoryWethankthe NEIDQueueObserverand WIYNObservingAssociatesor their skillful executionof our NEIDobservations

HEISING-SIMONS
FOUNDATION




