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EMPLOYMENT

Research Professor,
Department of Physics, West Virginia University (August 2008 - present). Beginning in August
2008, half of my time (Spring and Fall) is being spent at WVU, working with the WVU pulsar
group.

Senior Research Associate,
Arecibo Observatory, Cornell University (June 2007 - present). Since 2001, my main duties have
been: a) to provide scientific support of telescope operations and b) to conduct independent
scientific research, which in my case is focused on the study of radio pulsars (see “Present
Research Interests” below).

Research Associate,
Arecibo Observatory, Cornell University (May 2003 to May 2007).

Post-doctoral Research Associate,
Arecibo Observatory, Cornell University (May 2001 to April 2003).

Post-doctoral Research Associate,
Jodrell Bank Observatory, University of Manchester, U.K. (October 2000 to April 2001).

EDUCATION

Ph.D. in Radio Astronomy,
Jodrell Bank Observatory, University of Manchester, Manchester, U.K. (September 1997 to Septem-
ber 2000)
- Thesis title: “The Pulsars in 47 Tucanae”. Supervisor: Andrew G. Lyne. Ph.D. Thesis is available
at: http://www2.naic.edu/~pfreire/CV/thesis.pdf.gz.

Mestrado em Física (M.Sc. degree in Physics),
Instituto Superior Técnico, Lisboa, Portugal (1995-1997).

Licenciatura em Engenharia Física-Tecnológica (Graduation in Engineering, with specialization in
Physics and Technology),
Instituto Superior Técnico, Lisboa, Portugal (1989-1994).
- The last year was spent at Université Paris 7, Paris, France; working at the Observatoire de
Paris a Meudon. The dissertation work was on a search for extra-solar planets using the photo-
metric method.

http://www2.naic.edu/~pfreire/CV/thesis.pdf.gz
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REFEREED PUBLICATIONS

41. ’Arecibo Pulsar Survey Using ALFA. III. Probing Radio Pulsar Intermittency and Transients’, J.
S. Deneva, J. M. Cordes, M. A. McLaughlin, D. J. Nice, D. R. Lorimer, F. Crawford, N. D. R.
Bhat, F. Camilo, D. J. Champion, P. C. C. Freire, S. Edel, V. I. Kondratiev, J. W. T. Hessels, F.
A. Jenet, L. Kasian, V. M. Kaspi, M. Kramer, P. Lazarus, J. van Leeuwen, S. M. Ransom, I. H.
Stairs, B. W. Stappers, A. Brazier, A. Venkataraman, J. A. Zollweg, submitted for publication in
the Astrophysical Journal (2008).
See preprint at: http://arxiv.org/abs/0811.2532v1

40. ’Pulsar Timing for the Fermi Gamma-ray Space Telescope’, D. A. Smith, L. Guillemot, F. Camilo,
I. Cognard, D. Dumora, C. Espinoza, P. C. C. Freire, E. V. Gotthelf, A. K. Harding, G. B. Hobbs,
S. Johnston, V. M. Kaspi, M. Kramer, M. A. Livingstone, A. G. Lyne, R. N. Manchester, F. E.
Marshall, M. A. McLaughlin, A. Noutsos, S. M. Ransom, M. S. E. Roberts, R. W. Romani, B. W.
Stappers, G. Theureau, D. J. Thompson, S. E. Thorsett, N. Wang, P. Weltevrede, accepted for
publication in Astronomy & Astrophysics (2008).
See preprint at: http://arxiv.org/abs/0810.1637v1

39. ’PSR J1856+0245: Arecibo Discovery of a Young, Energetic Pulsar Coincident with the TeV γ-ray
Source HESS J1857+026’, Hessels, J. W. T.; Nice, D. J.; Gaensler, B. M.; Kaspi, V. M.; Lorimer,
D. R.; Champion, D. J.; Lyne, A. G.; Kramer, M.; Cordes, J. M.; Freire, P. C. C.; Camilo, F.;
Ransom, S. M.; Deneva, J. S.; Bhat, N. D. R.; Cognard, I.; Crawford, F.; Jenet, F. A.; Kasian, L.;
Lazarus, P.; van Leeuwen, J.; McLaughlin, M. A.; Stairs, I. H.; Stappers, B. W.; Venkataraman,
A., Astrophysical Journal Letters, 682, L41-L44 (2008)

38. ’An Eccentric Binary Millisecond Pulsar in the Galactic Plane’, D. J. Champion, S. M. Ran-
som, P. Lazarus, F. Camilo, C. Bassa, V. M. Kaspi, D. J. Nice, P. C. C. Freire, I. H. Stairs, J. van
Leeuwen, B. W. Stappers, J. M. Cordes, J. W. T. Hessels, D. R. Lorimer, Z. Arzoumanian, D. C.
Backer, N. D. Ramesh Bhat, S. Chatterjee, I. Cognard, J. S. Deneva, C.-A. Faucher-Guiguère, B.
M. Gaensler, J. Han, F. A. Jenet, L. Kasian, V. I. Kondratiev, M. Kramer, J. Lazio, M. A. McLaugh-
lin, A. Venkataraman & W. Vlemmings, Science, 320, 1309 - 1312 (2008)

37. ’A Massive Neutron Star in the Globular Cluster M5’, Paulo C. C. Freire, Alex Wolszczan,
Maureen van den Berg, Jason W. T. Hessels, Astrophysical Journal, 679, 1433 (2008)

36. ’Eight New Millisecond Pulsars in NGC 6440 and NGC 6441’, Paulo C. C. Freire, Scott M.
Ransom, Steve Bégin, Ingrid H. Stairs, Jason W. T. Hessels, Lucille H. Frey, & Fernando Camilo,
Astrophysical Journal, 675, 670 (2008)

35. ’Interstellar scintillation of the double pulsar J0737−3039: effects of anisotropy’, Rickett, B.; Coles,
B.; McLaughlin, M.; Bank, J.; Lyne, A.; Stairs, I.; Ferdman, R.; Freire, P.; Camilo, F., Astronomical
& Astrophysical Transactions, 26, 541 (2007)

34. ’A 1.4-GHz Arecibo Survey for Pulsars in Globular Clusters’, J.W.T. Hessels, S.M. Ransom,
I.H. Stairs, V.M. Kaspi, P.C.C. Freire, Astrophysical Journal, 670, 363 (2007)

33. ’Age constraints in the double pulsar system J0737−3039’, D. R. Lorimer, P. C. C. Freire, I. H.
Stairs, M. Kramer, M. McLaughlin, M. Burgay, S. Thorsett, R. Dewey, A. G. Lyne, R. N. Manch-
ester, N. D’Amico, A. Possenti & B. C. Joshi, MNRAS, 379, 1217 (2007)

http://arxiv.org/abs/0811.2532v1
http://arxiv.org/abs/0810.1637v1
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32. ’Timing the Eccentric Binary Millisecond Pulsar in NGC 1851’, P. C. C. Freire, S. M. Ransom & Y.
Gupta, Astrophysical Journal, 662, 1177 (2007)

31. ’Arecibo and the ALFA Pulsar Survey’, van Leeuwen, J.; Cordes, J. M.; Lorimer, D. R.; Freire, P.
C. C.; Camilo, F.; Stairs, I. H.; Nice, D. J.; Champion, D. J.; Ramachandran, R.; Faulkner, A. J.;
Lyne, A. G.; Ransom, S. M.; Arzoumanian, Z.; Manchester, R. N.; McLaughlin, M. A.; Hessels,
J. W. T.; Vlemmings, W.; Deshpande, A. A.; Bhat, N. D. R.; Chatterjee, S.; Han, J. L.; Gaensler,
B. M.; Kasian, L.; Deneva, J. S.; Reid, B.; Lazio, T. J. W.; Kaspi, V. M.; Crawford, F.; Lommen, A.
N.; Backer, D. C.; Kramer, M.; Stappers, B. W.; Hobbs, G. B.; Possenti, A.; D’Amico, N.; Faucher-
Giguère, C.-A.; Burgay, M., Chinese Journal of Astronomy and Astrophysics, 6 S2, Proceedings
of the 2005 Lake Hanas International Pulsar Symposium. Editors: N. Wang, R. N. Manchester,
B. J. Rickett and A. Esamdin., 311-318 (2006)

30. ’Tests of General Relativity from Timing the Double Pulsar’, M. Kramer, I. H. Stairs, R. N.
Manchester, M. A. McLaughlin, A. G. Lyne, R. D. Ferdman, M. Burgay, D. R. Lorimer, A. Possenti,
N. D’Amico, J. M. Sarkissian, G. B. Hobbs, J. E. Reynolds, P. C. C. Freire, F. Camilo, Science,
314, 97 (2006)

29. ’Chandra X-Ray Observations of Nineteen Millisecond Pulsars in the Globular Cluster 47 Tu-
canae’, Slavko Bogdanov, Jonathan E. Grindlay, Craig O. Heinke, Fernando Camilo, Paulo C. C.
Freire, Werner Becker, Astrophysical Journal, 646, 1104 (2006)

28. ’The Parkes High-Latitude pulsar survey’, Burgay, M.; Joshi, B. C.; D’Amico, N.; Possenti, A.;
Lyne, A. G.; Manchester, R. N.; McLaughlin, M. A.; Kramer, M.; Camilo, F.; Freire, P. C. C.,
MNRAS, 368, 283 (2006)

27. ’A Radio Pulsar Spinning at 716 Hz’, Jason W. T. Hessels, Scott M. Ransom, Ingrid H. Stairs,
Paulo C. C. Freire, Victoria M. Kaspi, Fernando Camilo, Science, 311, 1901-1904 (2006)

26. ’Arecibo Pulsar Survey Using ALFA. II. The young, highly relativistic binary pulsar J1906+0746’,
D. R. Lorimer, I. H. Stairs, P. C. C. Freire, J. M. Cordes, F. Camilo, A. J. Faulkner, A. G .Lyne,
D. J. Nice, S. M. Ransom, Z. Arzoumanian, R. N. Manchester, D. J. Champion, J. van Leeuwen,
M. A. McLaughlin, R. Ramachandran, J. W. T. Hessels, W. Vlemmings, A. A. Deshpande, N. D. R. Bhat,
S. Chatterjee, J. L. Han, B. M. Gaensler, L. Kasian, J. S. Deneva, B. Reid, T. J. W. Lazio,
V. M. Kaspi, F .Crawford, A. N. Lommen, D. C. Backer, M. Kramer, B. W. Stappers, G. B. Hobbs,
A. Possenti, N. D’Amico & M. Burgay, Astrophysical Journal, 640, 428 (2006)

25. ’Arecibo Pulsar Survey Using ALFA. I. Survey Strategy and First Discoveries’, J. M. Cordes,
P. C. C. Freire, D. R. Lorimer, F. Camilo, D. J. Champion, D. J. Nice, R. Ramachandran, J. W. T.
Hessels, W. Vlemmings, J. van Leeuwen, S. M. Ransom, N. D. R. Bhat, Z. Arzoumanian, M. A.
McLaughlin, V. M. Kaspi, L. Kasian, J. S. Deneva, B. Reid, S. Chatterjee, J. L. Han, D. C. Backer,
I. H. Stairs, A. A. Deshpande, & C.-A. Faucher-Giguère, Astrophysical Journal, 637, 446 (2006)

24. ’Arecibo timing and single-pulse observations of 17 pulsars’ D. J. Champion, D. R. Lorimer, M.
A. McLaughlin, K. M. Xilouris, Z. Arzoumanian, P. C. C. Freire, A. N. Lommen, J. M. Cordes &
F. Camilo, MNRAS, 363, 929 (2005)

23. ’Discovery of Three Wide-Orbit Binary Pulsars:Implications for Binary Evolution and Equivalence
Principles’ I. H. Stairs, A. J. Faulkner, A. G. Lyne, M. Kramer, D. R. Lorimer, M. A. McLaughlin,
R. N. Manchester, G. B. Hobbs, F. Camilo, A. Possenti, M. Burgay, N. D’Amico, P. C. Freire,
P. C. Gregory, Astrophysical Journal, 632, 1060-1068 (2005)
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22. ’A Deep Chandra Survey of the Globular Cluster 47 Tucanae: Catalog of Point Sources’, C. O.
Heinke, J. E. Grindlay, P. D. Edmonds, H. N. Cohn, P. M. Lugger, F. Camilo, S. Bogdanov, P. C.
Freire, Astrophysical Journal, 625, 796-824 (2005)

21. ’Long-term variations in the pulse emission from PSR J0737−3039B’, M. Burgay, A. Possenti, R.
N. Manchester, M. Kramer, M. A. McLaughlin, D. R. Lorimer, I. H. Stairs, B. C. Joshi, A. G. Lyne,
F. Camilo, N. D’Amico, P. C. C. Freire, J. M. Sarkissian, A. W. Hotan, G. B. Hobbs, Astrophysical
Journal Letters, 624, L113-L116 (2005)

20. ’The Millisecond Pulsars in NGC 6760’, Paulo C. C. Freire, Jason W. T. Hessels, David J. Nice,
Scott M. Ransom, Duncan R. Lorimer, Ingrid H. Stairs, Astrophysical Journal, 621, 959-965
(2005)

19. ’The mean pulse profile of PSR J0737−3039A’, R. N. Manchester, M. Kramer, A. Possenti, A. G.
Lyne, M. Burgay, I. H. Stairs, A. W. Hotan, M. A. McLaughlin, D. R. Lorimer, G. B. Hobbs, J. M.
Sarkissian, N. D’Amico, F. Camilo, B. C. Joshi, P. C. C. Freire, Astrophysical Journal Letters, 621,
L49-L52 (2005)

18. ’Multifrequency observations of double pulsar J0737−3039 using GMRT’, Joshi, B. C.; McLaugh-
lin, M. A.; Lyne, A. G.; Kramer, M.; Lorimer, D. R.; Manchester, R. N.; Camilo, F.; Burgay, M.;
Possenti, A.; D’Amico, N.; Freire, P. C. C., Bulletin of the Astronomical Society of India, 33, 345
(2004)

17. ’Twenty-One Millisecond Pulsars in Terzan 5 Using the Green Bank Telescope’, Scott M.
Ransom, Jason W. T. Hessels, Ingrid H. Stairs, Paulo C. C. Freire, Fernando Camilo, Victoria M.
Kaspi, David L. Kaplan, Science, 307, 892-896 (2005)

16. ’The Double Pulsar System J0737−3039: Modulation of A by B at eclipse’, M. A. McLaughlin,
A. G. Lyne, D. R. Lorimer, A. Possenti, R. N. Manchester, F. Camilo, I. H. Stairs, M. Kramer, M.
Burgay, N. D’Amico, P. C. C. Freire, B. C. Joshi, N. D. R. Bhat, Astrophysical Journal Letters, 616,
L131-L134 (2004)

15. ’The Double Pulsar System J0737−3039: Modulation of the radio emission from B by radiation
from A’, M. A. McLaughlin, M. Kramer, A. G. Lyne, D. R. Lorimer, I. H. Stairs, A. Possenti, R. N.
Manchester, P. C. C. Freire, B. C. Joshi, M. Burgay, F. Camilo, N. D’Amico, Astrophysical Journal
Letters, 613, L57-L60 (2004)

14. ’Double pulsar system J0737−3039 and its low-frequency observations with GMRT”, Joshi, B. C.;
McLaughlin, M. A.; Lyne, A. G.; Kramer, M.; Lorimer, D. R.; Manchester, R. N.; Camilo, F.; Bur-
gay, M.; Possenti, A.; Amico, N. D.; Freire, P. C. C., Bulletin of the Astronomical Society of India,
32, 191 (2004)

13. ’Observations of PSR J2021+3651 and its X-ray Pulsar Wind Nebula G75.2+01’, J. W. T. Hessels,
M. S. E. Roberts, S. M. Ransom, V. M. Kaspi, R. W. Romani, C.-Y. Ng, P. C. C. Freire, & B. M.
Gaensler, Astrophysical Journal, 612, 389-397 (2004)

12. ’GMRT Discovery of A Millisecond Pulsar in a Very Eccentric Binary System’, P. C. C. Freire,
Yashwant Gupta, Scott M. Ransom & C. H. Ishwara-Chandra, Astrophysical Journal Letters, 606,
L53-L56 (2004)
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11. ’PSR J2021+3651: A New γ-Ray Pulsar Candidate’, Mallory S.E. Roberts, Jason W.T. Hessels,
Scott M. Ransom, Victoria M. Kaspi, Paulo C.C. Freire, Fronefield Crawford, Duncan R. Lorimer,
Advances in Space Research, 33, 577-580 (2004)1

10. ’A double pulsar binary system - a unique laboratory for relativistic gravity and plasma
physics’, A. G. Lyne, M. Burgay, M. Kramer, A. Possenti, R. N. Manchester, F. Camilo, M. A.
McLaughlin, D. R. Lorimer, N. D’Amico, B. C. Joshi, J. Reynolds & P. C. C. Freire, Science, 303,
1153-1157 (2004)

9. ’The Arecibo 430 MHz Intermediate Galactic Latitude Survey: Discovery of Nine Radio Pulsars’,
J. Navarro, S. B. Anderson, P. C. Freire , Astrophysical Journal, 594, 943 (2003)

8. ’Further results from the timing of the millisecond pulsars in 47 Tucanae’, P. C. Freire, F.
Camilo, M. Kramer, D. R. Lorimer, A. G. Lyne, R. N. Manchester, N., D’Amico, MNRAS, 340,
1359 (2003)

7. ’PSR J2021+3651: A Young Radio Pulsar Coincident with an Unidentified EGRET gamma -Ray
Source’, M. S. E. Roberts, J. W. T. Hessels, S. M. Ransom, V. M. Kaspi, P. C. Freire, F. Crawford,
D. R. Lorimer, Astrophysical Journal, 577, 19 (2002)

6. ’Detection of ionized gas in the globular cluster 47 Tucanae’, P. C. Freire, A. G. Lyne, M.
Kramer, R. N. Manchester & N. D’Amico, Astrophysical Journal Letters, 557, L105 (2001). A
review of this paper was published in Science, Vol 294, Issue 5542, 497 (2001).

5. ’Timing the Millisecond Pulsars in 47 Tucanae’, P. C. Freire, F. Camilo, D. R. Lorimer, A. G.
Lyne, R. N. Manchester & N. D’Amico, MNRAS, 326, 901 (2001).

4. ’Determination of the orbital parameters of binary pulsars’ P. C. Freire, M. Kramer & A. G.
Lyne, MNRAS, 322, 885 (2001).

3. ’Observations of 20 Millisecond Pulsars in 47 Tucanae at 20 cm’, F. Camilo, D. R. Lorimer, P.
C. Freire, A. G. Lyne & R. N. Manchester, Astrophysical Journal, 535, 975 (2000).

2. ’Centrifugal Forces and Optical Geometry in Neutron Stars’, P. C. Freire & A. A. da Costa, Astro-
physics and Space Science, 272, 275 (2000)2

1. ’Behaviour of Centrifugal Forces in Neutron Stars’, P. C. Freire & A. A. da Costa, MNRAS, 304,
235 (1999).

CONFERENCE CONTRIBUTIONS

Invited conference contributions

3. “Testing gravitational theories with the double pulsar”, Paulo C. C. Freire, Ingrid. H. Stairs, Robert
Ferdman, Michael Kramer, Maura McLaughlin, Duncan R. Lorimer, Andrew G. Lyne, Marta Bur-
gay, Andrea Possenti, Nichi D’Amico, Richard N. Manchester, Fernando Camilo & B. C. Joshi,
invited talk at the 11th Canadian Conference on General Relativity and Relativistic Astrophysics,
Vancouver, British Columbia, May 19-21 2005.

1Presented at the "High Energy Studies of Supernova Remnants and Neutron Stars" Meeting (COSPAR 2002, Houston)
2Contributed talk to “Astrophysical Dynamics: Conference to Commemorate the Work of Franz D. Khan, FRS”, Évora,

Portugal, April 1999.
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2. ’Eclipsing Binary Pulsars’, Paulo C. C. Freire, invited review at the “Binary Radio Pulsars” confer-
ence, Aspen, Jan. 2004, ASP Conference Series, Vol. 328, p.405 (2005)

1. ’Millisecond Pulsars and Globular Cluster Pulsars’, Paulo C. Freire, Andrew G, Lyne, Fernando
Camilo, Duncan R. Lorimer, Richard N. Manchester & Nicolo D’Amico, invited talk at the “ITP
conference on Spin, Magnetism and Cooling of Young neutron stars”, Santa Barbara, California,
October 2000.
(http://online.itp.ucsb.edu/online/neustars_c00/freire/)

Other published conference contributions:

33. ’Super-Massive Neutron Stars’ Paulo C. C. Freire, 211th AAS Meeting, 161.01 (2008)

32. ’Eight new MSPs in NGC 6440 and NGC 6441’, Paulo C. C. Freire, Scott M. Ransom, Steve
Begin, Ingrid H. Stairs, Jason W. T. Hessels, Lucille H. Frey, Fernando Camilo, in "40 YEARS OF
PULSARS: Millisecond Pulsars, Magnetars and More". AIP Conference Proceedings, V. 983, p
604 (2008).

31. ’The Eccentric Binary Millisecond Pulsar in NGC 1851’, Paulo C. C. Freire, Scott M. Ransom,
Yashwant Gupta, in "40 YEARS OF PULSARS: Millisecond Pulsars, Magnetars and More". AIP
Conference Proceedings, V. 983, p 491 (2008).

30. ’PSR J1738+0333: a new gravitational laboratory’, Freire, Paulo C. C.; Jacoby, Bryan A.; Bailes,
Matthew, in "40 YEARS OF PULSARS: Millisecond Pulsars, Magnetars and More". AIP Confer-
ence Proceedings, V. 983, p 488 (2008).

29. ’Super-Massive Neutron Stars’, Paulo C. C. Freire, in "40 YEARS OF PULSARS: Millisecond
Pulsars, Magnetars and More". AIP Conference Proceedings, V. 983, p 459 (2008).

28. ’The Discovery of an Eccentric Millisecond Pulsar in the Galactic Plane’, Champion, David J.;
Ransom, Scott M.; Lazarus, Patrick; Camilo, Fernando; Kaspi, Victoria M.; Nice, David J.; Freire,
Paulo C. C.; Cordes, James M.; Hessels, Jason W. T.; Bassa, Cees; and 21 coauthors, in "40
YEARS OF PULSARS: Millisecond Pulsars, Magnetars and More". AIP Conference Proceedings,
V. 983, p 448 (2008).

27. ’Discovery and Timing of Eight New Millisecond Pulsars in NGC 6440 and NGC 6441’, Freire,
Paulo; Ransom, S. M.; Begin, S.; Stairs, I. H.; Hessels, J. W., 209th AAS Meeting, 159.03 (2006)

26. ’New Pulsars in the Globular Cluster M28’, Stairs, Ingrid H.; Begin, S.; Ransom, S.; Freire, P.;
Hessels, J.; Katz, J.; Kaspi, V.; Camilo, F., 209th AAS Meeting, 159.02 (2006)

25. ’Discovery And Timing Of The PSR J1741+1351 Binary Pulsar’, Freire, Paulo; Jacoby, B.; Bailes,
M.; Stairs, I.; Mott, A.; Ferdman, R.; Nice, D.; Backer, D. C., 208th AAS Meeting, 72.06 (2006)

24. ’Recent Observations of the Double Pulsar’, Stairs, Ingrid H.; Kramer, M.; Manchester, R.; McLaugh-
lin, M.; Lyne, A.; Ferdman, R.; Burgay, M.; Lorimer, D.; Possenti, A.; D’Amico, N.; Joshi, B.; Freire,
P.; Camilo, F., 208th AAS Meeting, 33.04 (2006)

23. ’ALFA pulsar surveys: Searching for fundamental laboratories of extreme physics’, Freire, P.;
ALFA Pulsar Consortium Collaboration 207th AAS meeting, 192.05 (2006)

http://online.itp.ucsb.edu/online/neustars_c00/freire/


Paulo Freire’s CV 8

22. ’A Globular Cluster Pulsar Renaissance with the Green Bank Telescope’, Ransom, S. M.; Hes-
sels, J. W. T.; Stairs, I. H.; Freire, P. C. C.; Kaspi, V. M.; Camilo, F., 207th AAS meeting, 32.05
(2006)

21. ’Radio pulsars in globular clusters’, Hessels, J.; Ransom, S.; Stairs, I.; Freire, P.; Begin, S.; Kaspi,
V.; Camilo, F., 36th COSPAR Scientific Assembly. Held 16 - 23 July 2006, in Beijing, China.,
p.1436 (2006)

20. ’Two years of work in the J0737−3039 laboratory’, Possenti, Andrea; Burgay, Marta; D’Amico,
Nichi; Lyne, Andrew; Kramer, Michael; McLaughlin, Maura; Lorimer, Duncan; Manchester, Dick;
Camilo, Fernando; Sarkissian, John; Freire, Paulo; Joshi, Bhal Chandra; Stairs, Ingrid; Ferdman,
Robert, ASTROPHYSICAL SOURCES OF HIGH ENERGY PARTICLES AND RADIATION. AIP
Conference Proceedings, Volume 801, pp. 272-277 (2005).

19. ’X-ray Binaries in the Globular Cluster 47 Tucanae’, Heinke, C. O.; Grindlay, J. E.; Edmonds,
P. D.; Cohn, H. N.; Lugger, P. M.; Camilo, F.; Bogdanov, S.; Freire, P. C., in ’INTERACTING
BINARIES: Accretion, Evolution, and Outcomes’, AIP Conference Proceedings, Volume 797, pp.
40-45 (2005).

18. ’The Double Pulsar System J0737−3039: News and Views’, Burgay, Marta; D’Amico, Nichi; Pos-
senti, Andrea; Lyne, Andrew; Kramer, Michael; McLaughlin, Maura; Lorimer, Duncan; Manch-
ester, Dick; Camilo, Fernando; Sarkissian, John; Freire, Paulo; Joshi, Bhal Chandra, in ’INTER-
ACTING BINARIES: Accretion, Evolution, and Outcomes’, AIP Conference Proceedings, Volume
797, pp. 523-530 (2005).

17. ’The Double Pulsar and Fundamental Physics’, Stairs, I. H.; Kramer, M.; Lyne, A. G.; McLaughlin,
M. A.; Lorimer, D. R.; Manchester, R. N.; Burgay, M.; Possenti, A.; D’Amico, N.; Freire, P. C.
C.; Joshi, B. C.; Camilo, F.; Ferdman, R. D., American Astronomical Society Meeting 206, 17.01
(2005)

16. ’The Double Pulsar binary J0737−3039: a two-clocks relativistic system’, Possenti, Andrea; Bur-
gay, Marta; D’Amico, Nichi; Lyne, Andrew; Kramer, Michael; McLaughlin, Maura; Lorimer, Dun-
can; Manchester, Dick; Camilo, Fernando; Sarkissian, John; Freire, Paulo; Joshi, Bhal Chandra,
in ’General Relativity and Gravitational Physics: 16th SIGRAV Conference on General Relativity
and Gravitational Physics’ AIP Conference Proceedings, Vol. 751. New York: American Institute
of Physics, p.126-135 (2005).

15. ’New limits on the strong equivalence principle from two long-period circular-orbit binary pulsars’,
D.R. Lorimer, P.C.C. Freire, in ’Binary Radio Pulsars’, ASP Conference Series, Vol. 328, p.19
(2005)

14. ’The double pulsar – A new testbed for relativistic gravity’, M. Kramer, A.G. Lyne, M. Burgay, A.
Possenti, R.N. Manchester, F. Camilo, M.A. McLaughlin, D.R. Lorimer, N. D’Amico, B.C. Joshi, J.
Reynolds, P.C.C. Freire, in ’Binary Radio Pulsars’, ASP Conference Series, Vol. 328, p.59 (2005)

13. ’Interactions in the PSR J0737−3039 System’, Manchester, R. N.; Lyne, A. G.; Burgay, M.;
Kramer, M.; Possenti, A.; Camilo, F.; Hotan, A. W.; McLaughlin, M. A.; Lorimer, D. R.; D’Amico, N.;
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PRESENT RESEARCH INTERESTS

Pulsars are neutron stars with strong, directional electromagnetic emission. For distant observers, this
emission is modulated by the rotation of the object. The discovery of radio pulsars, in 1967, earned
Anthony Hewish the Nobel Prize in Physics in 1974.

I am particularly interested in recycled radio pulsars. These objects possess extraordinary long-
term rotational stability, which can be monitored with great precision using the pulsar signal3. This
makes them extremely valuable tools in several important physics experiments:

1. Binary pulsars give us the only strong-field tests of gravitational theories4. Russel Hulse and Joe
Taylor earned the Nobel Prize in Physics in 1993 for their discovery of the first binary pulsar, PSR
B1916+13, made with the Arecibo Telescope. Precise tracking of the motion of this object led to
a precise test of General Relativity that confirmed the existence of gravitational waves (GWs), a
fundamental prediction of general relativity.

2. Pulsars might also be important for the direct detection of GWs:

• Fast-spinning pulsars could provide the terrestrial GW detectors like LIGO and VIRGO with
a detectable source, particularly if the very fast rotators lose energy via the GW-induced
Rossby instability.

• Precise timing of bright millisecond pulsars can be used to search for GWs with frequencies
of the order of nHz. This regime is complementary to the terrestrial detectors (F ∼ 102Hz)
and space interferometers like LISA (∼ 1 mHz < F <∼ 0.1 Hz).

3. Given the large mass (∼ 1.4 M�) and small radius (10-16 km) of neutron stars, matter at their
centers is one or two orders of magnitude denser than atomic nuclei. The composition and
behavior of matter in these conditions is not known. Studies of recycled pulsars can constrain its
bulk properties (more particularly, the relation between pressure and density, or the equation of
state, “EOS”):

• The "soft" EOS models predict lower pressures for a given density. More compressible
matter translates into smaller, more compact stars with very high gravitational fields, these
have upper mass limits of about 1.6 solar masses (above that limit, the star implodes and
forms a black hole). Finding a more massive star, we can exclude such "soft" EOS models.

• Because of their different micro-physical assumptions, "stiff" EOS models predict that mat-
ter is highly incompressible. That would produce very large stars that can not withstand
large spin frequencies without breaking apart. Finding fast-spinning pulsars could therefore
disprove such EOS models.

These astrophysics experiments are among the top priorities for research in astrophysics outlined
in the report of the National Academies entitled “From Quarks to the Cosmos: Eleven Science 2003,
National Academies Press5).

I am involved in several specific projects where such experiments are now being carried out:
3See http://relativity.livingreviews.org/Articles/lrr-2005-7/
4See http://relativity.livingreviews.org/Articles/lrr-2003-5/
5http://www.nap.edu/books/0309074061/html/

http://relativity.livingreviews.org/Articles/lrr-2005-7/
http://relativity.livingreviews.org/Articles/lrr-2003-5/
http://www.nap.edu/books/0309074061/html/
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Pulsars in globular clusters

For my Ph.D. Thesis (see description of doctoral work below), I worked on the search and timing of the
pulsars in 47 Tucanae6 (ref. pub. #3, 5, 8), under the supervision of Andrew Lyne and in collaboration
with Duncan Lorimer, Michael Kramer, Fernando Camilo and Dick Manchester. We found 12 new
pulsars, and discovered the timing solutions of 17 objects to date. Timing these pulsars allowed the
first detection of any sort of interstellar medium in a globular cluster (ref. pub. #6), after more than 60
years of searches!

Partly as a consequence, the number of pulsars in globular clusters has more than quadrupled
since my Ph.D. project started in 1997 (see http://www2.naic.edu/~pfreire/GCpsr.html for my
updated list of pulsars in globular clusters). Many of these new objects are exotic binary pulsars that
are impossible to find in the Galactic disk, as they can not be formed by the known mechanisms of
stellar evolution. Some of these unusual binaries could be superb physics laboratories.

• A prime example of an exotic binary is NGC 1851A. At the time of discovery, this was the binary
pulsar with the most eccentric orbit known (ref. pub. #12, #32). I found it using the GMRT, in col-
laboration with Yashwant Gupta and Scott Ransom. It probably formed as a "normal" millisecond
pulsar - light white dwarf binary, which was later disrupted by the intrusion of the present mas-
sive companion. This is the exact mechanism for the creation of MSP - black hole or MSP-MSP
systems.

• I am part of the collaboration led by Scott M. Ransom, and including Jason Hessels, Ingrid Stairs,
Fernando Camilo, Victoria Kaspi and David Kaplan that, in January 2005, announced the discov-
ery of 21 new MSPs in the globular cluster Terzan 5 using the S-band receiver of the Green Bank
Telescope (ref. pub. #17). The timing of two of the new binary systems in Terzan 5, I and J,
indicates that one of them has a mass > 1.68M� at 95 % confidence.

• Nine new pulsars have since been found in Terzan 5. One of them, Terzan 5 ad, is an eclipsing
binary system, and it is now the fastest spinning pulsar known (ref. pub. #27). Although it is
still not fast enough to constrain the EOS seriously, other faster pulsars might still be found in
globular clusters. Also, Terzan 5 ad already constrains models of gravitational wave emission. I
have obtained its timing solution, which might enable its detection by LIGO in the near future.

• More recently, we have started using the S-band receiver of the Green Bank Telescope in a
systematic survey of other globular clusters. To date, we have discovered 29 new MSPs in 7
globular clusters. One of the most interesting new discoveries is NGC 6440B. This is a 16.7-
ms pulsar in a 20.5-day orbit with a ∼ 0.1 M� companion. The high eccentricity of this system
(e = 0.57) has allowed a measurement of the precession of periastron, and from this an estimate
of the total mass of the binary system and of the mass of the pulsar: mp = (2.74 ± 0.21)M� (ref.
pub. #36). This is by far the highest neutron star mass estimate to date.
If confirmed by further timing, this mass measurement represents the most stringent constraint
of the EOS to date. This mass estimate is so high that the products of the coalescence of double
neutron star systems might be stable neutron stars themselves! It would also imply that at high
densities the matter at the center of neutron stars is so incompressible that it propagates sound
waves near the speed of light.

6http://www2.naic.edu/~pfreire/47Tuc

http://www2.naic.edu/~pfreire/GCpsr.html
http://www2.naic.edu/~pfreire/47Tuc
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• After timing M5B for 19 years with the Arecibo radio telescope (ref. pub. # 37), we measured
the advance of periastron for this binary system. The total binary mass is 2.29 ± 0.17M�. The
estimate for the pulsar mass (2.08+0.18

−0.19 M�) is the second largest ever, after that of NGC 6440B.
There is a 95% probability that the mass of the pulsar is larger than 1.72M�. This excludes most
"soft" EOS models. The non-detection of the companion in deep HST images implies that the
precession of periastron is relativistic.

Pulsars in the Galactic disk

Until very recently, virtually all the binary systems useful for the experiments described above were
“field” pulsars, i.e., objects localized in the disk of the Galaxy. Two superb systems have recently been
found in two blind sky surveys:

• I helped with the Parkes High-Latitude Survey (ref. pub. # 28). This found the first double pulsar,
PSR J0737−3039 A and B (ref. pub. # 10). Timing this pulsar for only three years has already
yielded the most precise strong-field tests of general relativity ever (ref. pub. #30)!

• I am heavily involved in the ALFA pulsar survey (ref. pub. #25, see also the Arecibo website of
this survey at http://www2.naic.edu/alfa/pulsar/). This survey has already produced very
interesting results:

– It has discovered the youngest binary pulsar known, PSR J1906+0746, which is also the
second most relativistic system known. (ref. pub. #26). This system belongs to a new popu-
lation of young, binary systems that could include double pulsars in even more eccentric and
compacts orbits! This discovery shows that the ALFA pulsar survey is specially sensitive to
pulsars in compact orbits.

– This survey also has unprecedented sensitivity to fast-spinning pulsars at high DMs, as
recently demonstrated by the discovery of PSR J1903+0327 a 2.15-ms pulsar at a DM of
297 cm−3 pc (the highest for a known millisecond pulsar, see ref. pub. #38). This indicates
that the ALFA pulsar survey can detect millisecond pulsars in a much larger volume of our
Galaxy than any previous survey. Apart from its high DM and spin frequency, this object has
extraordinary characteristics: it is the first MSP in the Galaxy found in an eccentric (e = 0.44)
orbit, its companion is massive (Mc ∼ 1 M�) and it might be a main-sequence star! Presently,
no stellar evolution theory can explain the formation of such a bizarre system! Furthermore,
the orbital characteristics allow the measurement of relativistic effects that might give us
a very precise estimate of the mass of this pulsar. The preliminary value is 1.74 ± 0.04
M�, if confirmed with further timing (which will allow the measurement of extra relativistic
parameters) this would very firmly exclude several equations of state for dense matter.

• Timing the PSR J1738+0333 binary system at Arecibo, I have recently derived stringent con-
straints on emission of dipolar gravitational waves (pub. conf. cont. #30). This is very important
for constraining alternative theories of gravitation! The precision of the measurement of the orbital
decay of PSR J1738+0333 will continue to improve fast in the near future, and this pulsar might
soon surpass PSR J1141-6545 as the best gravitational wave laboratory known. Furthermore,
the timing precision of this object and of PSR J1741+1351 is such that they will be used in the
array of MSPs that will be used to search for gravitational waves (see below).

http://www2.naic.edu/alfa/pulsar/
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• I am a founding member of the recently formed North American Nano-Hertz Observatory of
GRAVitational waves7 (NANOGrav). Over the next few years, this Consortium will coordinate
the efforts of North American pulsar astronomers towards detecting very low frequency gravi-
tational waves via improved timing of bright millisecond pulsars, in close association with sister
organizations in Australia and Europe.

7http://www.nanograv.org

http://www.nanograv.org
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