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Lunar science & exploration assets
• MoonLIGHT, the single big Lunar laser retroreflector

- MoonLIGHT: Moon Laser Instrumentation for General relativity High 
accuracy Tests. 4 inch diameter reflector

- Observed from Earth (532 nm)

• INRRI, the Solar System & Mars microreflector array
- INRRI: Instrument for landing-Roving laser Retroreflector Investigations. ½ 

inch diameter reflectors
- Observed, for example from LRO (Lunar Reconnaissance Orbiter) with 

LOLA = Lunar Orbiter Laser Altimeter (1064 nm)
• Big reflector is a Italy-USA collaboration, m-reflector Italy only

• PEP, the Planetary Ephemeris Program orbital SW
- Lunar/Martian positioning data. Developed at the  Harvard-Smithsonian 

Center for Astrophysics (CfA), USA, by Shapiro, Reasenberg, Chandler 
since 1960s

• Frontiers of new Physics
- Lunar positioning data matched with cosmological constraints
- New insights toward a determination of extensions of GR
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• Improvements of space segment up to �100 with 
MoonLIGHTs plus current LGN of Apollo/Lunokhods

Lunar Laser Ranging (LLR)
test of General Relativity

Science measurement / Precision test
of violation of General Relativity

Apollo/Lunokhod * 
few cm accuracy

MoonLIGHTs**         
mm

Parameterized Post-Newtonian (PPN) β |β-1| < 1.1×10-4 10-5

10-14

3×10-5

5×10-14

10-12

6.4×10-4

Weak Equivalence Principle (WEP) |Δa/a| < 1.4×10-13

Strong Equivalence Principle (SEP) |η| < 4.4×10-4

Time Variation of Gravitational Constant |Ġ/G| < 9�10-13yr-1

Inverse Square Law (ISL) - Yukawa |α| < 3×10-11

Geodetic Precession |Kgp| < 6.4×10-3

* J. G. Williams et al PRL 93, 261101, (2004)
** M. Martini et al Plan. & Space Sci., 74, 276, (2012)

** E. Ciocci et al, Adv. Space Res. Vol. 6, Issue 5, 1115-1129, (2017)
** O. Luongo, S. Dell’Agnello, S. Capozziello, in preparation, (2018)
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Limits on 1/r2 deviations in the Solar System

MoonLIGHT provides 
accuracy 100 times better 
on the space segment (the 
reflectors)

When other LLR error 
sources will have improved 
up the same level, 
MoonLIGHT-2 will 
improve limits from
a ~ 3x10-11 down to <10-12

at scales l ~ million km

Limits on Yukawa potential: (Newtonian potential) ´ a ´ e-r/l
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• Lunar Laser Ranging provided the best data for the deep interior of 
the moon. This analysis has been used to supplement the data from 
the GRAIL mission analysis
ü In 1998, analysis of the LLR data discovered and measured the size, shape 

and dissipation of the liquid core of the Moon (Williams et al)
ü Confirmed by a re-analysis of Apollo Seismometry data (Weber et al 2011)

• Our next-gen retroreflectors will strengthen the collaboration with 
GRAIL (Gravity Recovery and Interior Laboratory) data analysis 
on inner moon structure

• NASA “Resource Prospector” Rover mission:
ü Our reflectors proposed as payloads – see next slide

• What Next: New Frontiers AO on the Moon (LGN) expected
ü With Clive Neal (U. Notre Dame et al)

Lunar Laser Ranging for Selenodesy
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NASA lunar Resource Prospector
INFN AOO_PRESIDENZA-2016-0001253 del 12/10/2016                         

INFN AOO_PRESIDENZA-2016-0001253 del 12/10/2016                         

INFN President’s formal letter
to NASA-SSERVI
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Lunar landing/roving opportunities

• TeamIndus (India, commercial)
• Moon Express 1 (USA, commercial)
• NASA Resource Prospector (USA, NASA)
• CNSA Chang’E program (China, CNSA)
• New Frontiers AO (USA, NASA)?

9



TeamIndus lander/minirover mission

MoonLIGHT & INRRI mockups delivered to Bangalore in Aug 2017 
(picture below). Now doing qualifications for delivery of Flight Models
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TeamIndus 2018 mission

Mockups on 
lander deck

MoonLIGHT
big reflector

INRRI 
microreflector 

array
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Moon Express mission MX-1E

Moon Express 1 lander 
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Moon Express mission MX-1E

Moon Express 1 lander 
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New Physics with LLR
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A particular family of NLTG is f(R)-gravity in metric formalism, in
which the Hilbert Lagrangian is replaced by any non-linear density
depending on R. GR is retrieved in (and only in) the particular case f
(R)=R.

In these theories there is a second order part that resembles Einstein tensor (and reduces to it if and only if f(R) = R) and
a fourth order �curvature part� (that reduces to zero if and only if f (R) = R):



New Physics with LLR
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New Physics with LLR
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Providing a solution
to Dark Matter

Finally in the weak field limit of  modified gravity…

1) Sixth, we can compare the 
modified potential with data

2) Seventh, we can get
constraints over KGP in the 
field of  f(R) gravity

3) FUTURE 
DEVELOPMENTS: we can 
match recent results over 
GRB170817A/GW170817 
Neutron Star merging with our
results



Conclusions

• MoonL IGHT,  t he  s i ng l e  b i g L una r  l a se r  
r e t r o r e f l e c t o r  a nd  I NRRI ,  t he  So l a r  Sys t e m  
mi c ro r e f l e c t o r  a r r a y  so o n  t o  b e  d e p l o y e d  o n  t h e  
Moon
ü M i c ro re f l e c t o r s  a l re a d y  o n  E S A  &  N A S A  M a r s  l a n d e r s

• E nha nc i ng  PE P,  t he  P l a ne t a ry  E phe m e r i s  
Pr og r a m  o r b i t a l  SW  wi t h  Ge ne r a l  Re l a t i v i t y

• Ava i l a b l e  da t a  f o r  t e s t i ng  ne w  phy s i c s  mode l s ,  
i . e .  F ( R )

• Ma t c h i ng  be t we e n  c osm o l ogy  a nd  l oc a l  t e s t s  i n  
t he  So l a r  Sys t e m  t h rough  e x pe r i me n t a l  
c o n s t ra i n t s  se t  w i t h  M o o n LI GHTs
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Thanks!
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