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INTRODUCTION (I): THEORY

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

The remnant BH 
is a 

perturbed Kerr BH

[Sources:  Blanchet, arXiv:1902.09801; 
               SXS Project: http://www.black-holes.org]



INTRODUCTION (I): THEORY
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<latexit sha1_base64="6dlIbe8wvLNGfg5HOemJ6ZhWBg0="></latexit>

• TE solution can be expressed through the complex strain:

• Perturbation theory is governed by Teukolsky’s equation (TE)

where:

[Teukolsky, Phys. Rev. Lett. 29, 1114 (1972)]
[Teukolsky, Astrophys. J.185, 635 (1973)]

•                         are called quasinormal modes (QNMs)!̃lmn(Mf , af )
<latexit sha1_base64="a2iOF++Zdy/risFnfH4OeU0jUnI="></latexit>

• The signal is a superposition of damped sinusoids

Ãlmn = Almne
i�lmn

�2Slmn(af !̃lmn, ◆,�) = {spin-weighted spheroidal harmonics}
!̃lmn(Mf , af ) = !lmn(Mf , af ) + i/⌧lmn(Mf , af )

<latexit sha1_base64="N/OhXFyFYu5yb7s/Ng8lb0sc5yo="></latexit>

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19



INTRODUCTION (II): TOOLS

• Bayes’ theorem: Posterior Prior Likelihood

Evidence
We can use this probability density function to determine 

estimators (e.g. median value) and credible intervals (e.g. 90% CI)
for any of the waveform parameters (e.g. mass, spin, distance, etc.)

p(~✓|d,Hi, I) =
p(~✓|Hi, I)p(d|~✓,Hi, I)

p(d|Hi, I)
<latexit sha1_base64="MSi9r8kQhvK/x7H+0/9FvG0Lj34="></latexit>

Bayes’ Factor

• Odds’ ratio: O
i
j =

p(Hi|d, I)

p(Hj |d, I)

=
p(Hi|I)

p(Hj |I)

p(d|Hi, I)

p(d|Hj , I)

=
p(Hi|I)

p(Hj |I)
B

i
j

<latexit sha1_base64="s4jtThjzZ/asAZdVD2EUzAU2Qa4="></latexit>

~✓ = {Mf , af , DL, . . .}

d(t) = n(t) + h(t)

Hi = {our assumed model}

I = {our prior information}
<latexit sha1_base64="RoZwR9I6EEtscLfPg+flWPPANzk="></latexit>

p(d|Hi, I) =

Z
d✓1 · · · d✓N p(d|~✓,Hi, I)p(~✓|Hi, I).

<latexit sha1_base64="bak6bAdL95ppsOioo93VxtRpkNo="></latexit>

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19



A LONG-STANDING PROPOSAL
• Bekenstein & Mukhanov (for nonextremal black holes):

• Some “popular” proposals for :↵<latexit sha1_base64="N6jIwXiF6lDCfZoUprtUgLWBcJ0=">AAACGnicbVDLTgIxFO3gC/GFunTTCCauyAwudEl04xITeSQwIZ3SgYbOtGnvmJAJP+FWvsadcevGjzGxA7MQ8CRNTs65tzn3BEpwA6777RS2tnd294r7pYPDo+OT8ulZ28hEU9aiUkjdDYhhgsesBRwE6yrNSBQI1gkmD5nfeWHacBk/w1QxPyKjmIecErBSt9onQo1JdVCuuDV3AbxJvJxUUI7moPzTH0qaRCwGKogxPc9V4KdEA6eCzUr9xDBF6ISMWM/SmETM+Oki7wxfWWWIQ6ntiwEv1L8bKYmMmUaBnYwIjM26l4n/epkCUgpjXSxYCDhRyl5PNVdgVkNBeOenPFYJsJguM4WJwCBx1hMecs0oiKklxK7bszAdE00o2P9Kti9vvZ1N0q7XvJta/aleadznzRXRBbpE18hDt6iBHlETtRBFAr2iNzR35s678+F8LkcLTr5zjlbgfP0CloOhLg==</latexit>

where:
N 2 Z+

lP ⇡ 1.6⇥ 10�35m

↵ = O(1)
<latexit sha1_base64="hUfKDY7zR5zZ69B0Et27CBsjAhI="></latexit>

(Bekenstein ’74, Maggiore ’08)

(Davidson, ‘05)

(Hod, ‘98)

(Mukhanov ’86, Bekenstein & Mukhanov ‘95)

[Davidson, Int. J. Mod. Phys. D 23, 1450041 (2014)]

[Bekenstein, PRD 7, 2333 (1973)]

[Hod, PRL 81, 4293 (1998)]

AQ

H
= ↵l2

P
N

<latexit sha1_base64="6ukd1M5uHxuRI89HB+XlX+DjqjA="></latexit>

[Kogan, JETP Letters 44, 267 (1986)]

[Maggiore, Nucl. Phys. B 429, 205 (1994)]
[Danielson, Schiffer, PRD 48, 4779 (1993)]

[Bekenstein,  Lett. Nuovo Cimento 11, 467 (1974)]
[Mukhanov, JETP Letters 44, 63 (1986)]

[Lousto, PRD 51, 1733 (1995)]

[Bekenstein, PRD 91, 124052 (2015)]

[Bekenstein, Mukhanov, Phys. Lett. B 360, 7 (1995)]

[Garcia-Bellido, arXiv:hep-th/9302127 (1993)]

[Maggiore, PRL 100, 141301 (2008)]

[Bekenstein, 8th Marcel Grossmann Meeting, Pts. A, pp. 92-111 (1997)]

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

[Völkel, Kokkotas, arXiv:1908.00252 (2019)]
[Hod, arXiv:1909.04057 (2019)]

·↵ = 8⇡

·↵ = 8 ln 2

·↵ = 4 ln 3

·↵ = 4 ln 2
<latexit sha1_base64="6Jhor+ecaI2z/MT+CRpy/khPbbk="></latexit>



“QUANTUM BLACK HOLES AS ATOMS”
[Bekenstein, Brazilian National Meeting on Particles and Fields, Braz. Phys. Society, pp. 59-69 (1996)]

• Central claim:

where        :

• Differentiate both sides and use QM:

�N = �n

�M = �~!n

�J = �~m
<latexit sha1_base64="y19+xLYAFGHZWIt/hEjzLLIBPw0="></latexit>

(c = 1)
<latexit sha1_base64="Vp/LbAjtisDEiXPR5yfBO9qNToA=">AAACOHicbVDLSgMxFM34tr6qLt0Eq6Auykxd6EYounFZwapgS8mkd2owk4TkjlCG/oBf41b/xJ07ceteMNMW8XUgcDjnnnDviY0UDsPwOZiYnJqemZ2bLy0sLi2vlFfXLpzOLIcm11Lbq5g5kEJBEwVKuDIWWBpLuIxvTwr/8g6sE1qdY99AO2U9JRLBGXqpU95qxdATKmdS9NTeoLTD6RGNdkstUN0vsVOuhNVwCPqXRGNSIWM0OuWPVlfzLAWFXDLnrqPQYDtnFgWXMCi1MgeG8VvWg2tPFUvBtfPhNQO67ZUuTbT1TyEdqt8TOUud66exn0wZ3rjfXiH+6xUKai2dd6mEBGlmjO+GW2HQ/VwKk8N2LpTJEBQf7ZRkkqKmRYu0KyxwlH1PmI/7syi/YZZx9P8VfUW/2/lLLmrVaL9aO6tV6sfj5ubIBtkkOyQiB6ROTkmDNAkn9+SBPJKn4Cl4CV6Dt9HoRDDOrJMfCN4/AVrCq5s=</latexit>

!n =
1

MG

n↵
p
1� a2 + 8⇡am

16⇡(1 +
p
1� a2)

<latexit sha1_base64="y+Ko9vlLyOkGtt49NECmnk72Qg0="></latexit>

• Get the quanta spectrum                 :

[Bekenstein, PRD 91, 124052 (2015)]

AQ

H
= AKerr

H
<latexit sha1_base64="S23MGhk2uRsU8GiWtxNyzK/fB/w="></latexit>

AQ

H
= ↵~GN AKerr

H
= 8⇡G2

�
M2 +

p
M2 � J2/G2

�
<latexit sha1_base64="rwb4mQ1uv2DN+/dJXEWsfqzbOtE="></latexit>

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

(a ⌘ J/GM2)
<latexit sha1_base64="0EeqIKXg5JlNsz3MRqukSWb96e4="></latexit>



Black Hole
Physics

Gravitational Wave
Physics

“IS A GRAVITON DETECTABLE?”

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

[Dyson, Int. J. Mod. Phys. A Vol. 28, No. 25, 1330041 (2013)]



A HEURISTIC RINGDOWN MODEL

!1(Mf , af ,↵) =
1

MfG

↵
q
1� a2f + 16⇡af

16⇡(1 +
q

1� a2f )
<latexit sha1_base64="nfDHp+KIewX0BdwXwBTa0fnJFRY="></latexit>

[Foit, Kleban, CQG 36 035006 (2019)]

• Foit & Kleban: heuristic interpretation of the Bekenstein-Mukhanov conjecture 

• MAIN CONSEQUENCE: the remnant BH settles down according to the                    
“nGR” quantised QNM frequency: 

[Cardoso, Foit, Kleban, JCAP 2019 006 (2019)]

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19



A (PARTIAL) CLAIM WITH GW150914

Can we make 
a more thorough analysis 

on real data?
This label 
should be ↵<latexit sha1_base64="N6jIwXiF6lDCfZoUprtUgLWBcJ0=">AAACGnicbVDLTgIxFO3gC/GFunTTCCauyAwudEl04xITeSQwIZ3SgYbOtGnvmJAJP+FWvsadcevGjzGxA7MQ8CRNTs65tzn3BEpwA6777RS2tnd294r7pYPDo+OT8ulZ28hEU9aiUkjdDYhhgsesBRwE6yrNSBQI1gkmD5nfeWHacBk/w1QxPyKjmIecErBSt9onQo1JdVCuuDV3AbxJvJxUUI7moPzTH0qaRCwGKogxPc9V4KdEA6eCzUr9xDBF6ISMWM/SmETM+Oki7wxfWWWIQ6ntiwEv1L8bKYmMmUaBnYwIjM26l4n/epkCUgpjXSxYCDhRyl5PNVdgVkNBeOenPFYJsJguM4WJwCBx1hMecs0oiKklxK7bszAdE00o2P9Kti9vvZ1N0q7XvJta/aleadznzRXRBbpE18hDt6iBHlETtRBFAr2iNzR35s678+F8LkcLTr5zjlbgfP0CloOhLg==</latexit>

[Foit, Kleban, CQG 36 035006 (2019)]

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19



OUR FRAMEWORK

• Full time-domain analysis: pyRing

• Sampler: CPNest

[Carullo, Del Pozzo, Veitch, PRD 99, 123029 (2019)]

[Del Pozzo, Veitch, https://github.com/johnveitch/cpnest]

• Ringdown start time prior:                      after a fiducial GPS merger time  

• Priors: uniform + 

t0 2 [10, 20]Mf
<latexit sha1_base64="ym791EfQg+gieq1fE3yMCWEQcho="></latexit>

[Skilling, AIP Conference Proceedings, 2004]Bayes’ factors

Posterior distributions of intrinsic and extrinsic parameters 

peak strain amplitude of (h2
+ + h2

⇥)(t)
<latexit sha1_base64="5Ul+pNQ0dj+CnzT9AKt2IqvRh7k="></latexit>

' [3.5, 7.0]ms
<latexit sha1_base64="5Wpkp6zpMwHJOzCmTRKXSL6ae3g="></latexit>

↵ 2 [0, 50]
<latexit sha1_base64="p/XVJTAr0qIEyIAC0w0GDUsmlzY="></latexit>

tM
<latexit sha1_base64="ReiTxDigq0g90Z1uqV3HL1jlTmE=">AAACF3icbVBNTwIxFOziF+IX6tFLI5h4Irt40CPRixcTTFwggQ3pli40dLdN+9aEbPgNXuXXeDNePfpjTOwCBwUnaTKZea+ZN6ES3IDrfjmFjc2t7Z3ibmlv/+DwqHx80jIy1ZT5VAqpOyExTPCE+cBBsI7SjMShYO1wfJf77WemDZfJE0wUC2IyTHjEKQEr+VXoP1T75Ypbc+fA68Rbkgpaotkvf/cGkqYxS4AKYkzXcxUEGdHAqWDTUi81TBE6JkPWtTQhMTNBNg87xRdWGeBIavsSwHP190ZGYmMmcWgnYwIjs+rl4r9eroCUwlgXCxYBTpWyp1PNFZi/oSC6CTKeqBRYQheZolRgkDgvCQ+4ZhTExBJi1+1ZmI6IJhTsfyXbl7fazjpp1WveVa3+WK80bpfNFdEZOkeXyEPXqIHuURP5iCKOXtArmjkz5815dz4WowVnuXOK/sD5/AECuZ/O</latexit>

[Abbott et al. (LVC), PRL 116, 221101 (2016)]

{Mf , af ,↵,A220,�220, ◆,�, t0} {↵0, �0, DL, }
<latexit sha1_base64="N2A8dxpqVLHrdEQKOkG6IofnHrI="></latexit>

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

[DL, Carullo, Veitch, Del Pozzo, in preparation]



OUR nGR QUANTISED RINGDOWN MODEL

Ansatz from GR 
quality factor       : 

!1(Mf , af ,↵) =
1

MfG

↵
q
1� a2f + 16⇡af

16⇡(1 +
q

1� a2f )
<latexit sha1_base64="nfDHp+KIewX0BdwXwBTa0fnJFRY="></latexit>

QGR
220

<latexit sha1_base64="BHqwwV2l1GtnoCRHpqE6Rhl8om0="></latexit>

“nGR” quantised 
QNM frequency: 

⌧1(Mf , af ,↵) = 2
QGR

220(Mf , af )

!1(Mf , af ,↵)
<latexit sha1_base64="L8Rc6kt9l8AdeuoS17VE7gnF4Zc="></latexit>

⌧1 2 [0.5, 20] ms
<latexit sha1_base64="Uu8DK/XiCijBLO8G6o3r9b4FWIc=">AAACLnicbVDLSgMxFM3UV62vqjvdBFvBhZSZiuiy6Malgn1AO5RMmmlDM0lI7gilFPwat/o1ggtx608IZmoX2nogcDjnnnDvibTgFnz/zcstLa+sruXXCxubW9s7xd29hlWpoaxOlVCmFRHLBJesDhwEa2nDSBIJ1oyG15nffGDGciXvYaRZmJC+5DGnBJzULR6UO0DSboA7XOK2Xzk/xVU/LOPEFrrFkl/xp8CLJJiREprhtlv86vQUTRMmgQpibTvwNYRjYoBTwSaFTmqZJnRI+qztqCQJs+F4esMEHzulh2Nl3JOAp+rvxJgk1o6SyE0mBAZ23svEf71MAaWEdS4WLAacau0aoYZrsH+XgvgyHHOpU2CS/uwUpwKDwll3uMcNoyBGjhAXd2dhOiCGUHD/ZX0F8+0skka1EpxVqnfVUu1q1lweHaIjdIICdIFq6Abdojqi6BE9oWf04r14r9679/EzmvNmmX30B97nN0Cupl0=</latexit>

• Conclusions are very similar, so a posteriori we assume the functional ansatz 

• Kerr-like ringdown waveform: 

“nGR” quantised  
QNM damping time: 

h220 = h+ � ih⇥ =
Mf

DL
Ã220 �2Y

22(◆,�)ei(t�t0)(!1+i/⌧1) + c.c., t � t0
<latexit sha1_base64="46Yqi307dhCKjYnJWvbLOPyRCRM="></latexit>

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

No ansatz: 

[DL, Carullo, Veitch, Del Pozzo, in preparation]



GR vs nGR WAVEFORMS

↵
<latexit sha1_base64="N6jIwXiF6lDCfZoUprtUgLWBcJ0=">AAACGnicbVDLTgIxFO3gC/GFunTTCCauyAwudEl04xITeSQwIZ3SgYbOtGnvmJAJP+FWvsadcevGjzGxA7MQ8CRNTs65tzn3BEpwA6777RS2tnd294r7pYPDo+OT8ulZ28hEU9aiUkjdDYhhgsesBRwE6yrNSBQI1gkmD5nfeWHacBk/w1QxPyKjmIecErBSt9onQo1JdVCuuDV3AbxJvJxUUI7moPzTH0qaRCwGKogxPc9V4KdEA6eCzUr9xDBF6ISMWM/SmETM+Oki7wxfWWWIQ6ntiwEv1L8bKYmMmUaBnYwIjM26l4n/epkCUgpjXSxYCDhRyl5PNVdgVkNBeOenPFYJsJguM4WJwCBx1hMecs0oiKklxK7bszAdE00o2P9Kti9vvZ1N0q7XvJta/aleadznzRXRBbpE18hDt6iBHlETtRBFAr2iNzR35s678+F8LkcLTr5zjlbgfP0CloOhLg==</latexit>

GR 
is NOT 

a subset of 
nGR

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

[DL, Carullo, Veitch, Del Pozzo, in preparation]



MEASURING α FROM GW150914

Uniform priors: LVC priors:
Mf 2 [62, 75]M�

af 2 [0.55, 0.75]
<latexit sha1_base64="2OkV0Ft7Q18bGb5Okf2wciw8w4M="></latexit>

Mf 2 [10, 250]M�

af 2 [0.0, 0.99]
<latexit sha1_base64="Ti4VV2hPZaHL/jxf3+loPhfYhKk="></latexit>

[Foit, Kleban, CQG 36, 035006 (2019)]

Compare with:

logBnGR
GR = 0.1± 0.1

<latexit sha1_base64="6HE1zwwTMBSfSb9k2V6k3ZCx41M="></latexit>

logBnGR
GR = �1.6± 0.1

<latexit sha1_base64="TWTnTcg2Ia/zbx/1V0DKT9IIS18="></latexit>

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

[DL, Carullo, Veitch, Del Pozzo, in preparation]



SIMULATIONS

• Injection: GR signal vs nGR signal

• We can make model selection: e.g.  

[Berti, Cardoso, Will, PRD 73, 064030 (2006)]

logBnGR
GR = log

P (D|nGR)

P (D|GR)
<latexit sha1_base64="QCa9iVIH9tqMSwCBvVQaedDQYxM="></latexit>

↵
<latexit sha1_base64="8ev6S1IyJM6f6xXxtyE5KDItU+w="></latexit>

• Generate                  using a non-precessing BBH ringdown model [London, arXiv: 1801.08208]

• Recovery: GR template vs nGR template

• Single events in general do not provide much information about 

What about a population of GW150914-like events?

{A220,�220}
<latexit sha1_base64="L/MmkwK9UVcr7Wr+8i6NlIqqpkY="></latexit>

!1 = !1(Mf , af ,↵)

⌧1 = ⌧1(Mf , af ,↵)
<latexit sha1_base64="DMQLMPvxfOD/Q6agnMRpQ1KEqAY="></latexit>

!220 = !220(Mf , af )

⌧220 = ⌧220(Mf , af )
<latexit sha1_base64="Bce/MdBQ2ZdHtb3UC3y0vzwEsTM="></latexit>

!1 = !1(Mf , af ,↵)

⌧1 = ⌧1(Mf , af ,↵)
<latexit sha1_base64="DMQLMPvxfOD/Q6agnMRpQ1KEqAY="></latexit>

!220 = !220(Mf , af )

⌧220 = ⌧220(Mf , af )
<latexit sha1_base64="Bce/MdBQ2ZdHtb3UC3y0vzwEsTM="></latexit>

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

[DL, Carullo, Veitch, Del Pozzo, in preparation]



SIMULATIONS (GR)

• Injection: GR signal vs nGR signal

• We can make model selection: e.g.  logBnGR
GR = log

P (D|nGR)

P (D|GR)
<latexit sha1_base64="QCa9iVIH9tqMSwCBvVQaedDQYxM="></latexit>

• Recovery: GR template vs nGR template

!220 = !220(Mf , af )

⌧220 = ⌧220(Mf , af )
<latexit sha1_base64="Bce/MdBQ2ZdHtb3UC3y0vzwEsTM="></latexit>

!1 = !1(Mf , af ,↵)

⌧1 = ⌧1(Mf , af ,↵)
<latexit sha1_base64="DMQLMPvxfOD/Q6agnMRpQ1KEqAY="></latexit>

!220 = !220(Mf , af )

⌧220 = ⌧220(Mf , af )
<latexit sha1_base64="Bce/MdBQ2ZdHtb3UC3y0vzwEsTM="></latexit>

[Berti, Cardoso, Will, PRD 73, 064030 (2006)]

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

[DL, Carullo, Veitch, Del Pozzo, in preparation]



SIMULATIONS: GR POPULATION
19.0+2.0

�2.0
<latexit sha1_base64="OaqlXrlJmSGLaZiu46m+jx5C59g=">AAACKHicbVDLTgIxFO3gC/GFj52bRjAxMU5mcKHuiG5caiJCAkg6pQMNnWnT3jHBCf/iVr7GnWHrf5jYQRYi3qTpyTn3NKcnUIIb8LyJk1taXlldy68XNja3tneKu3uPRiaashqVQupGQAwTPGY14CBYQ2lGokCwejC4yfT6M9OGy/gBhoq1I9KLecgpAUt1igdl/8r1ntLTiuuNOulZdpU7xZLnetPBi8CfgRKazV2n+NXqSppELAYqiDFN31PQTokGTgUbFVqJYYrQAemxpoUxiZhpp9P0I3xsmS4OpbYnBjxlfztSEhkzjAK7GRHom79aRv6rZQxIKYxVsWAh4EQp2wXVXIGZDwXhZTvlsUqAxfQnU5gIDBJnreEu14yCGFpArN1+C9M+0YSCfa9g+/L/trMIHiuuf+5W7iul6vWsuTw6REfoBPnoAlXRLbpDNUTRC3pFb2jsjJ1358OZ/KzmnJlnH82N8/kNQC+kYg==</latexit>

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

[DL, Carullo, Veitch, Del Pozzo, in preparation]



SIMULATIONS: GR POPULATION
Look at
the BFs!

BUT19.0+2.0
�2.0

<latexit sha1_base64="OaqlXrlJmSGLaZiu46m+jx5C59g=">AAACKHicbVDLTgIxFO3gC/GFj52bRjAxMU5mcKHuiG5caiJCAkg6pQMNnWnT3jHBCf/iVr7GnWHrf5jYQRYi3qTpyTn3NKcnUIIb8LyJk1taXlldy68XNja3tneKu3uPRiaashqVQupGQAwTPGY14CBYQ2lGokCwejC4yfT6M9OGy/gBhoq1I9KLecgpAUt1igdl/8r1ntLTiuuNOulZdpU7xZLnetPBi8CfgRKazV2n+NXqSppELAYqiDFN31PQTokGTgUbFVqJYYrQAemxpoUxiZhpp9P0I3xsmS4OpbYnBjxlfztSEhkzjAK7GRHom79aRv6rZQxIKYxVsWAh4EQp2wXVXIGZDwXhZTvlsUqAxfQnU5gIDBJnreEu14yCGFpArN1+C9M+0YSCfa9g+/L/trMIHiuuf+5W7iul6vWsuTw6REfoBPnoAlXRLbpDNUTRC3pFb2jsjJ1358OZ/KzmnJlnH82N8/kNQC+kYg==</latexit>

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

[DL, Carullo, Veitch, Del Pozzo, in preparation]



SIMULATIONS (nGR)

• Injection: GR signal vs nGR signal

• We can make model selection: e.g.  logBnGR
GR = log

P (D|nGR)

P (D|GR)
<latexit sha1_base64="QCa9iVIH9tqMSwCBvVQaedDQYxM="></latexit>

• Recovery: GR template vs nGR template

!1 = !1(Mf , af ,↵)

⌧1 = ⌧1(Mf , af ,↵)
<latexit sha1_base64="DMQLMPvxfOD/Q6agnMRpQ1KEqAY="></latexit>

!1 = !1(Mf , af ,↵)

⌧1 = ⌧1(Mf , af ,↵)
<latexit sha1_base64="DMQLMPvxfOD/Q6agnMRpQ1KEqAY="></latexit>

!220 = !220(Mf , af )

⌧220 = ⌧220(Mf , af )
<latexit sha1_base64="Bce/MdBQ2ZdHtb3UC3y0vzwEsTM="></latexit>

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

[DL, Carullo, Veitch, Del Pozzo, in preparation]



SIMULATIONS: nGR BEKENSTEIN BHs
Bekenstein value

≈ 25.1
25.7+2.0

�1.8
<latexit sha1_base64="C6ehuK4ULxB3VnlOeZ69na3wxXY=">AAACKHicbVDLSgMxFM3UV62v8bFzE2wFQRxmRqRdFt24rGBVsLVk0kwbmpmE5I5Qh/6LW/0ad+LW/xBMHwu1Hggczrn3cnIiJbgB3/9wCguLS8srxdXS2vrG5pa7vXNjZKYpa1IppL6LiGGCp6wJHAS7U5qRJBLsNhpcjP3bR6YNl+k1DBVrJ6SX8phTAlbquHuV8MyrPuTHoeePOvlJ4NVGlY5b9j1/AjxPghkpoxkaHfer1ZU0S1gKVBBj7gNfQTsnGjgVbFRqZYYpQgekx+4tTUnCTDufpB/hQ6t0cSy1fSngifpzIyeJMcMkspMJgb75643Ff72xAlIKY10sWAw4U8p2QTVXYH6HgrjWznmqMmApnWaKM4FB4nFruMs1oyCGlhC7br+FaZ9oQsHeK9m+gr/tzJOb0AtOvfAqLNfPZ80V0T46QEcoQFVUR5eogZqIoif0jF7Qq/PqvDnvzsd0tODMdnbRLzif31L3pG0=</latexit>↵B

<latexit sha1_base64="WxRauap4q+CyjNEkrPIJXhAAipY="></latexit>

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

[DL, Carullo, Veitch, Del Pozzo, in preparation]



STEALTH BIASES: (I)

• Recover the signal assuming a GR template
Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19

• Simulate the signal of a Bekenstein QBH

[DL, Carullo, Veitch, Del Pozzo, in preparation]

Injected
value

!220 = !220(af ,Mf )

⌧220 = ⌧220(af ,Mf )
<latexit sha1_base64="868f7gGla8xv+KVjgSxXc6wzIog="></latexit>

!1 = !1(af ,Mf ,↵ = ↵B)

⌧1 = ⌧1(af ,Mf ,↵ = ↵B)
<latexit sha1_base64="0r4EHopqpr8wSLAiW3BlQro5oSA="></latexit>



• We developed an infrastructure to measure possible GR deviations analysing the ringdown

• We have shown how it could be used, e.g. to test the area quantisation conjecture

• If a theory predicts nGR QNMS:                               

OUTLOOK

CONCLUSIONS AND PROSPECTS

!nGR = !nGR(Mf , af , ~✓)

⌧nGR = ⌧nGR(Mf , af , ~✓)
<latexit sha1_base64="9QwgFXYDQ8hohhQqnyvufNf0LTM="></latexit>

we can test it on real data and explore its observational effects through simulated events

• Applying the method to all the GWTC-1 events

• Article with detailed results in preparation

Danny Laghi, University of Pisa Pisa, QFC2019, 24 October ’19



Thank you 
for your attention


