
Gravitomagnetism and space missions 
the case of LISA 

Massimo	Bassan			
	Dip.	Fisica	&	INFN,	Roma	Tor	Vergata	

bassan@roma2.infn.it		

1
M.Bassan, V.Ferroni, G.Pucacco, A.Tartaglia, D. Vetrugno:  
Class. Quantum Grav. 39 (2022) 195010 

mailto:bassan@roma2.infn.it


Gravitomagnetism and space missions 
bad news from LISA 

Massimo	Bassan			
	Dip.	Fisica	&	INFN,	Roma	Tor	Vergata	

bassan@roma2.infn.it		

2
M.Bassan, V.Ferroni, G.Pucacco, A.Tartaglia, D. Vetrugno:  
Class. Quantum Grav. 39 (2022) 195010 

SPOILER:

mailto:bassan@roma2.infn.it


LISA in two slides
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� *OUSPEVDUJPO

ćF HSPVOECSFBLJOH EJTDPWFSZ PG (SBWJUBUJPOBM 8BWFT
	(8T
 CZ HSPVOE�CBTFE MBTFS JOUFSGFSPNFUSJD EFUFD�
UPST JO ���� JT DIBOHJOH BTUSPOPNZ <�> CZ PQFOJOH
UIF IJHI�GSFRVFODZ HSBWJUBUJPOBM XBWF XJOEPX UP PC�
TFSWF MPX NBTT TPVSDFT BU MPX SFETIJę� ćF 4FOJPS
4VSWFZ $PNNJUUFF 	44$
 <�> TFMFDUFE UIF -� TDJFODF
UIFNF ćF (SBWJUBUJPOBM 6OJWFSTF <�> UP PQFO UIF ���
UP ���N)[ (SBWJUBUJPOBM 8BWF XJOEPX UP UIF 6OJ�
WFSTF� ćJT MPX�GSFRVFODZ XJOEPX JT SJDI JO B WBSJFUZ
PG TPVSDFT UIBU XJMM MFU VT TVSWFZ UIF 6OJWFSTF JO B OFX
BOE VOJRVF XBZ ZJFMEJOH OFX JOTJHIUT JO B CSPBE SBOHF
PG UIFNFT JO BTUSPQIZTJDT BOE DPTNPMPHZ BOE FOBCMJOH
VT JO QBSUJDVMBS UP TIFE MJHIU PO UXP LFZ RVFTUJPOT� 	�

)PX XIFO BOE XIFSF EP UIF ĕSTU NBTTJWF CMBDL IPMFT
GPSN HSPX BOE BTTFNCMF BOE XIBU JT UIF DPOOFDUJPO
XJUI HBMBYZ GPSNBUJPO 	�
 8IBU JT UIF OBUVSF PG HSBW�
JUZ OFBS UIF IPSJ[POT PG CMBDL IPMFT BOE PO DPTNPMPHJ�
DBM TDBMFT 
8F QSPQPTF UIF -*4" NJTTJPO JO PSEFS UP SFTQPOE UP
UIJT TDJFODF UIFNF JO UIF CSPBEFTU XBZ QPTTJCMF XJUIJO
UIF DPOTUSBJOFE CVEHFU BOE HJWFO TDIFEVMF� -*4" FO�
BCMFT UIF EFUFDUJPO PG (8T GSPN NBTTJWF CMBDL IPMF
DPBMFTDFODFT XJUIJO B WBTU DPTNJD WPMVNF FODPNQBTT�
JOH BMM BHFT GSPN DPTNJD EBXO UP UIF QSFTFOU BDSPTT
UIF FQPDIT PG UIF FBSMJFTU RVBTBST BOE PG UIF SJTF PG
HBMBYZ TUSVDUVSF� ćF NFSHFS�SJOHEPXO TJHOBM PG UIFTF
MPVE TPVSDFT FOBCMFT UFTUT PG &JOTUFJO�T (FOFSBM ćFPSZ
PG 3FMBUJWJUZ 	(3
 JO UIF EZOBNJDBM TFDUPS BOE TUSPOH�
ĕFME SFHJNF XJUI VOQSFDFEFOUFE QSFDJTJPO� -*4" XJMM
NBQ UIF TUSVDUVSF PG TQBDFUJNF BSPVOE UIF NBTTJWF
CMBDL IPMFT UIBU QPQVMBUF UIF DFOUSFT PG HBMBYJFT VTJOH
TUFMMBS DPNQBDU PCKFDUT BT UFTU QBSUJDMF�MJLF QSPCFT� ćF
TBNF TJHOBMT XJMM BMTP BMMPX VT UP QSPCF UIF QPQVMBUJPO
PG UIFTF NBTTJWF CMBDL IPMFT BT XFMM BT BOZ DPNQBDU PC�
KFDUT JO UIFJS WJDJOJUZ� " TUPDIBTUJD (8 CBDLHSPVOE PS
FYPUJD TPVSDFT NBZ QSPCF OFX QIZTJDT JO UIF FBSMZ 6OJ�
WFSTF� "EEFE UP UIJT MJTU PG TPVSDFT BSF UIF OFXMZ EJTDPW�
FSFE -*(0�7JSHP IFBWZ TUFMMBS�PSJHJO CMBDL IPMF NFSH�
FST XIJDIXJMM FNJU(8T JO UIF -*4"CBOE GSPN TFWFSBM
ZFBST VQ UP B XFFL QSJPS UP UIFJS NFSHFS FOBCMJOH DPPS�
EJOBUFE PCTFSWBUJPOT XJUI HSPVOE�CBTFE JOUFSGFSPNF�
UFST BOE FMFDUSPNBHOFUJD UFMFTDPQFT� ćF WBTU NBKPSJUZ
PG TJHOBMT XJMM DPNF GSPN DPNQBDU HBMBDUJD CJOBSZ TZT�
UFNT XIJDI BMMPX VT UP NBQ UIFJS EJTUSJCVUJPO JO UIF
.JMLZ 8BZ BOE JMMVNJOBUF TUFMMBS BOE CJOBSZ FWPMVUJPO�
-*4" CVJMET PO UIF TVDDFTT PG -*4" 1BUIĕOEFS
	-1'
 <�> UXFOUZ ZFBST PG UFDIOPMPHZ EFWFMPQNFOU
BOE UIF (SBWJUBUJPOBM 0CTFSWBUPSZ "EWJTPSZ 5FBN
	(0"5
 SFDPNNFOEBUJPOT� -*4" XJMM VTF UISFF BSNT

BOE UISFF JEFOUJDBM TQBDFDSBę 	4�$
 JO B USJBOHVMBS GPS�
NBUJPO JO B IFMJPDFOUSJD PSCJU USBJMJOH UIF &BSUI CZ
BCPVU ��○� ćF FYQFDUFE TFOTJUJWJUZ BOE TPNF QPUFO�
UJBM TJHOBMT BSF TIPXO JO 'JHVSF ��

'JHVSF �� &YBNQMFT PG (8 TPVSDFT JO UIF GSF�
RVFODZ SBOHF PG -*4" DPNQBSFE XJUI JUT TFOTJ�
UJWJUZ GPS B ��BSNDPOĕHVSBUJPO� ćFEBUB BSF QMPU�
UFE JO UFSNT PG EJNFOTJPOMFTT ADIBSBDUFSJTUJD TUSBJO
BNQMJUVEF� <�>� ćF USBDLT PG UISFF FRVBMNBTT CMBDL
IPMF CJOBSJFT MPDBUFE BU z = 3 XJUI UPUBM JOUSJO�
TJD NBTTFT 107 106 BOE 105M⊙ BSF TIPXO� ćF
TPVSDF GSFRVFODZ 	BOE 4/3
 JODSFBTFT XJUI UJNF
BOE UIF SFNBJOJOH UJNF CFGPSF UIF QMVOHF JT JOEJ�
DBUFE PO UIF USBDLT� ćF � TJNVMUBOFPVTMZ FWPMW�
JOH IBSNPOJDT PG BO &YUSFNF .BTT 3BUJP *OTQJSBM
TPVSDF BU z = 1.2 BSF BMTP TIPXO BT BSF UIF USBDLT PG
B OVNCFS PG TUFMMBS PSJHJO CMBDL IPMF CJOBSJFT PG UIF
UZQF EJTDPWFSFE CZ -*(0� 4FWFSBM UIPVTBOE HBMBD�
UJD CJOBSJFT XJMM CF SFTPMWFE BęFS B ZFBS PG PCTFS�
WBUJPO� 4PNF CJOBSZ TZTUFNT BSF BMSFBEZ LOPXO
BOE XJMM TFSWF BT WFSJĕDBUJPO TJHOBMT� .JMMJPOT PG
PUIFS CJOBSJFT SFTVMU JO B ADPOGVTJPO TJHOBM� XJUI B
EFUFDUFE BNQMJUVEF UIBU JT NPEVMBUFE CZ UIF NP�
UJPO PG UIF DPOTUFMMBUJPO PWFS UIF ZFBS� UIF BWFSBHF
MFWFM JT SFQSFTFOUFE BT UIF HSFZ TIBEFE BSFB�

"O PCTFSWBUPSZ UIBU DBO EFMJWFS UIJT TDJFODF JT EF�
TDSJCFE CZ B TFOTJUJWJUZ DVSWF XIJDI CFMPX �N)[ XJMM
CF MJNJUFE CZ BDDFMFSBUJPO OPJTF BU UIF MFWFM EFNPO�
TUSBUFE CZ -1'� *OUFSGFSPNFUSZ OPJTF EPNJOBUFT BCPWF
�N)[ XJUI SPVHIMZ FRVBM BMMPDBUJPOT GPS QIPUPO TIPU
OPJTF BOE UFDIOJDBM OPJTF TPVSDFT� 4VDI B TFOTJUJWJUZ
DBO CF BDIJFWFE XJUI B ���NJMMJPO LN BSN�MFOHUI DPO�
TUFMMBUJPO XJUI �� DN UFMFTDPQFT BOE �8 MBTFS TZTUFNT�
ćJT JT DPOTJTUFOU XJUI UIF (0"5 SFDPNNFOEBUJPOT
BOE CBTFE PO UFDIOJDBM SFBEJOFTT BMPOF B MBVODINJHIU
CF GFBTJCMF BSPVOE ����� 8F QSPQPTF BNJTTJPO MJGFUJNF
PG � ZFBST FYUFOEBCMF UP �� ZFBST GPS -*4"�

1BHF � -*4" o �� */530%6$5*0/

• LISA Science: 
• - Galactic compact binaries 
• - MBHB  inspiral and merger 
• - EMRI and nuclear clusters 
• - Fundamental nature of  

 gravity and black holes 
• - Expansion rate and  

 stochastic gw bkgnd 
• Expect the unexpected !

• Sensitivity at 20 µHz - 1 Hz



S/C2

S/C3S/C1

LISA Technology: 
• 3 Spacecrafts in heliocentric orbit  L = 2.5 Gm 
•  6 Test Masses in free-fall along geodesics, shielded by S/Cs 
• Interferometry => phase meters w/ 10 pm/√Hz noise 
•  TDI for frequency noise reduction 
•   2 independent IFOs + Sagnac veto

LISA in two slides
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The smart orbits of the 3 LISA S/Cs
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The eccentric anomaly is defined by: 

Define 3 anomalies, w/  π/3 dephasing : 

The 3 orbits are then described as:

where    R =  1 AU;       tan i ≃ α ≡
L

2R

G.Pucacco et al. Class. Quantum Grav. 27 (2010) 235001  



R= 1 AU  (150 Gm )            

 = 2.5Gm              ℓEarth

Sun

The smart orbits of the 3 LISA S/Cs
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Each S/C rotates with 1 yr period around the Sun  

AND around the constellation Center of Mass.  

Constellation plane inclined by  w.r.t. the ecliptic planeβ = π/3



A perfect triangle formation… almost !
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Keplerian dynamics + perturbations produce changes in arm length of  ~ 1 %  
over  the 1 yr period.

1% of L is  some 2 104  km !  

  laser frequency noise    would kill you !δϕ =
ΔL
c

δfL



A perfect triangle formation… almost !
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Keplerian dynamics + perturbations produce changes in arm length of ± 1 % 
=>   varying velocity along the line of sight =>  Doppler signal (undesired)

Can’t do traditional interferometry -   use  TDI
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Compensates for  
different arm lengths

Time Delay Inteferometry

pictures:	D.A.	Shaddock	-	JPL

Synthesize equal arm 
interferometry
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Compensates for  
different arm lengths and different velocities (Doppler)

Many TDI combinations exist.  
Some (Sagnac - like) are insensitive to g.w.

Time Delay Inteferometry



Back to GM…
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We have seen that a large detector area is desirable:

LISA has a respectable area:        

and it moves around the Sun, modulating the signal:     

“Available” signals:   Sun rotation,  Galaxy rotation 

Let’s have a quick look on both

S ≃ 2.7 ⋅ 1018 m2

η = η(t)



GM signal from the Sun
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 kg m2 /sJ⊙ = 1.9 ⋅ 1041 Bg ≃ −
2G

c3R3
J⊙ = − 2.8 ⋅ 10−28 m−1

modulation:      β − χ ≤ η ≤ β + χ

0.39 ≤ cos η ≤ 0.60

Sun rotation axis is inclined by   w.r.t. ecliptic North χ ≃ 7∘



GM signal from Galaxy rotation
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   with ample incertitude  

Galactic North is inclined by   w.r.t. ecliptic North

B(g)gal ∼ 10−30 m−1

α ≃ π/3

modulation:     0 ≤ η ≤ 120∘



Can  LISA see these signals ?
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• Compare the expected GM signal with expected LISA noise: 

• timing noise:  6 x     
δLshot

c
2 beams, 3 links

∼ 15pm / Hz @2mHz

would allow  a noise limit  

with 1000 s integration time

Bg ∼ 10−31m−1

BUT:   nobody knows the noise @ 30 nHz (i.e. 1  yr-1) 

BUT BUT:  Classic Sagnac is orders of magnitude larger



BUT:  Classic Sagnac   is orders of magnitude larg  

Hard to model:   S(t) and    because of flexing.  

  - what is the rotation angular frequency for a non rigid body ? 

ΔτSagnac =
4S
c2

⃗ω ⋅ ̂un

ω(t)

 Sagnac effect in LISA

Area

Ω

Sagnac



Comparing the signals



Concluding:
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GM signal are present in LISA, and of measurable amplitude. 
There is however a much larger Sagnac signal superimposed 
The two effects appear to be indistinguishable. But, never despair: 
  - We might come up with super-smart TDI capable of discriminating 
  - In the future: non-planar constellation could be more suited to  
  disentangle GM effects from Sagnac.



https://indico.sissa.it/event/96/


