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Shapiro Delay 

Measurements over
last 5 decades 

at all scales from
solar system to 

binary pulsars to Cosmology

Used as tests of GR
and also as an

astrophysics probe
to measure masses of
neutron stars in binary 

systems and also to measure H0

 

Irwin Shapiro (1964)



Examples of Shapiro Delay Measurements 

Shapiro et al, 1971 
PRL 26,1132 

Bertotti et al 2003
Nature 425, 374  
Cassini Satellite

J.H. Taylor, Nobel Prize 
lecture  

Rev. Mod. Phys. 66,711
1994

Also Shapiro delay from Sun, Jupiter, Venus, Uranus, Neptune used in  MSP timing model 



First mention of Galactic Shapiro delay in 
literature 

D.C Backer and R.W. Hellings
Ann. Rev. of Astronomy and Astrophysics 24, 537 (1986)



Birth of multi-messenger  
Astronomy 

Detection of neutrinos from SN 1987 A (@50 kpc)  followed by 
flash of optical light (4 hours later)

IMB, Kamiokande, Baksan 
2002 Nobel Prize to Masatoshi Koshiba 

IMB



PRL 60, 173  (1988)
Also, Krauss  & Tremaine (1988)

same issue of PRL next paper
First mention of this effect in 

Becker & Hellings 86

Only direct proof that  neutrinos are affected 
by gravity  and obey equivalence principle (to within 0.2%)

First Galactic Shapiro delay calculation 

PPN gamma 
quantifying 
violation of WEP



IceCube coincident detection from TXS0506+056

Credit : IceCube

Eν = 290 TeV  Δ𝝧  ~ 0.1 deg

 Significance ~ 3σ 

MAGIC, HESS, Veritas

Fermi-LAT, AGILE

SWIFT XRT

ASAS-SN.  KISO/KWFC, kanata/HONIR 

OVRO/VLA

IceCube Coll. 1807.08816



Shapiro delay for IceCube-070922A

Similar calculations for same event  in R. Laha 1807.05621 ; Wei et al 1807.06504 

arXiv:1807.05201



Shapiro delay For GWs

First proposed  test   by C. Sivaram (1999)
Bulletin of Astronomical Society of India 27,627

   Gravitational    waves gravitate due to 
a static potential at infinity.



Shapiro delay for GW150914

 Milky  way contribution  ~ 300 days @400 Kpc
 Logarithmic enhancement of three  @ 400 Mpc
 Estimate total no of Milky way galaxies upto 400 Mpc

Consider a cylindrical line of sight with surface area from galaxy viral radius
 (250 kpc) and  height determined by distance to the source and 
 divide by volume of sphere of radius  400 Mpc  x no of galaxies within
 spherical  volume

~ (rvir/400 Mpc)2 x Ntot 

   For  Ntot  = 3 x 106  & rvir = 250 kpc   ~ two

Total Shapiro delay = 300 x 6 ~  1800 days
                                    |Δɣ | < 10-9      for  Δt ~ 0.4 secs

Kahya, SD Phys. Lett. B 756, 265  (2016)



Galactic Rotation Curves  

Conventional interpretation is
most of mass of galaxy made up

dark matter haloes. 

Milgrom noticed (1983):       
Need for  D.M. arises below   a fixed acceleration scale (10-8 m/s2)

Explains    flat  rotation curve     and Tully-Fisher  relation

MOND



No-go theorem (Soussa/Woodard 2003)
Cannot construct metric theory of MOND  and agree with solar system
 tests of GR and explain lensing without dark matter (astro-ph/0307358)



GW170817: First BNS merger 
with EM counterparts   



Shapiro delay for GW170817  

Shapiro delay for our galaxy

For a cored isothermal profile  Tsh~ 115 days for a source at  200 kpc
Taking into account contribution of NGC 4993 total delay ~ 400 days.

Observed delay between gamma rays and GWs < 2 seconds

All Dark matter emulator models completely ruled out

Boran,SD, Kahya, Woodard, PRD 97, 041501



Conclusions
• Line of Sight Galactic and Extra-Galactic Shapiro
 delay important probe of how different cosmic 
messengers couple to gravity, even though direct 
measurement not possible. They allow tests of WEP

• GW170817 results show that Shapiro delay of
 gravitational waves is same as that of photons,
which rules out a whole class of modified gravity
theories called “Dark Matter Emulators”.


