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Alternative Theories of Gravity



. Cosmology

), Qaan’é‘é(/y/ Cheories of \9/‘@\//‘2‘}/
o Explain inflation, dark enerqy and dark matder
J A)/@/ 2nd and 3rd reef Z/po/ e pea,éé have Che Sarre /763/:9/72‘
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(Galactic Scales
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Current Constraints



». How do you constrain®?

7o methods :
) 7Top down - ¢ ake alternadive model! toith knowon action
— calculade Che modified G erission
— CeSt neew wavetorm aganst data
— compare with GK wavetorms
— needs to be repeated for all theories
2) Generic — asswume not fung aboud wnderl \ing Cheories
— construct phenorieno!/ ogfca/ Zest
- construct 3ener/c non—-GK wavelrors
— Won t Zel/ you whdl Che Cheory is...
— .bud will confirrm deviations fromr GK



v.  Current Constraints
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v.  Current Constraints
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ppE Framework

Yunes & Pretorius (2009)



v. ppE Framewaork

o Devise a generic. method of testing deviations #ror GK

o Introduce properly motivated parameters Chat can measire
deviations Fronr GK

o Incorporate
o Melric Cheories of gravity
U Weak field consistency

= Sz‘rong £le/d /nc:on\S/SZ‘ency
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ppE Framewaork

=

ModiA v Che (GF wavelfornsr in the SPH

~

hppE(f) — EGR(JE) (1 + au®) eiﬁub

where u= Mnf and (a,b) =i(-1/3) i€Z

@& (a,a,8,b) =(0,a,0,b)

Brans —D/‘c,ée :

(057 a, 67 b) — (07 a, BBDa _7/3)

< MQ\SS;\/@ éi‘d\//‘Z‘O/? . (047 a, 57 b) — (07 a, BMGa _]-)

0 Chern-Sirions :

(OZ,CL,B,[?) — (aC'Sa 1707b)



Time Domain ppkE Framework

Huywler, Porter & Jetzer (2015)



¥. Time Domain Waveform

o SPA was 1mporlant when Crpr—~ CF

O Noew numerical FF7T Zakes 3-$8 of generation Cime

o SPA breaks down ad high masses even for LIGO/Virgo
o Unclear of conseguence for el ISH

o Cerdarn mad C/’}/‘rg 1ISSwUesS encowunlered in Zhe pQSZ



¥. Time Domain Waveform

o QW Sowrces are detected «ws "’73 mcdched £1/ Z‘er/ns
o Mdlched £i/lers are rosth (Vi Sensitive o £ regitency evolution
o Asswme v =a =0

< 0ar 30@/ 1S A p/?dée £ Unclion of’ Z‘/?e Z‘ype

0 (0:b, B) = Dar(O) + D.(O; b, B)



¥. Time Domain Waveform

o QW Sowrces are detected ws /ng mal ched £/, Z‘er/‘ng
o Mdadched £i/lers are rost/ (Vi Sensitive o £ regetency evolution
o Asswume v =a =0

o Ouwr 304/ IS a phase function of Che Cype

b,6) = 2ar(0) £ .(O:b, 5)

Theoty  Coupling Constant



. Time Domain Waveform

o In the LFA, the G4 response 1S
h(t) = he (E(0)FT(t) + hx (E()F* (2)

o The 2PN p/?dée and £} reguency are 3/\/317 Ay

63

“(©) = 3a1

[@_3/8 —+ wl@_5/8 -+ w1_5@_6/8 -+ wg@_7/8} ]

1
©(0) = ¢ — - 075+ @,0%% + &1 ;075 + 3,01/°

3

o where O(t) = ;écM (te — 1)




¥. Time Domain Waveform

</ Tb oéfd/n a Corres pona/encte Aefween f/?e 5 P4 ana/ Z /‘Me

doman wavefror»s y e Aeg/n et h

Uncr (b, 8; u) = Ugr(u) F Bu’

o Anal }/Z rcall (Vi /n\/erZ‘/ng Zhe SPH p/}dé e 3/\/65

1 524
(I)NGR(@) — (I)GR(@) T ; Z /ﬁ:i@ 8

< 7%8 ?aeéz‘/on 15 what set of {Iiz} 3/\/8 a Cime doricin

roaveforsr Compaz‘/‘é/ e with the SPH?



¥. Time Domain Waveform

U e can eorite the SPH prhase as

U(u) =2 [it(u) U — @(u)] _ T

M 4
o 7773 £) re?aency a/er/\/af e of Z /78 orél‘Z‘d/ p/’laé e 1S
d®, . dt,  d® dt 1

() = - (u) —-[t(u)] = Yk
= Mean/nﬁ the £} reguency derivalive of the SPH rhase 15
dW 1
o THs alows ws 2o write

1 dWV dd



¥. Time Domain Waveform

- 'ﬁancaf e corrections o QPA/ order

< A)e need o Solve

u|O(u)]opn = u (1 + Z uk/SAk) = u

k=0
o Ffor /ﬁli(b, 5)
o Such tha
0 05 1 15 2 PN

be {—5/3l—4/3,-1,-2/3,-1/3)

i = {01 /2, 1.,,3/2, 2}



¥. Time Domain Waveform
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¥. Time Domain Waveform
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¥. Time Domain Waveform
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¥. Time Domain Waveform
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¥. Time Domain Waveform
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¥. Time Domain Waveform

2 Sa/npéon, Yeenes & Cormsh C 2010> deronstrated ¢hat on/y

Che dorvnant Zerrs are re?a/rea’

Unar (b, B; u) = Var(u) F 5ub

}

B dp (b, B; ©) = Bar(©) £ 2717303 y/59 =3/

o where Zhe COap/ "’{9 constant 15 rarfesth y fo\S 1t 1ve

438 ¢ L
wior (D, B;0) = war(©) £ 27475 ’ nPt/oTle—30/8 1




¥. Time Domain Waveform

<, Sdmpéon, Yaneé & Cormsh ( 20!0> deronstrated ¢hat on/y

Che dorvnant Zerrs are re?a/rea’

Unar(b, 8; u) = Uer(u) F pu’

;

(I)l(\I:tG)rR(b’ 5’ @) — (I)GR(@@_l_Bbﬁ 773()/5@—3(9/8

o where Zhe COap/ /ng constant 15 rarfesth y po\S 1t 1ve

o E) (b, 3; ©) = warl( N oa538 ¢ 3b/5+1g—3b/8-1
NGR\Y M GR 5 GM




*v. Coupling Constant Limits

U Need 2o set reasonable liruds on non—-GK coefficients

o In principle, Che liruls are wunconstraned afler \PN order
o Need priors for Bajesian inference

o Need 2o specially treat 0.8PN non-GK coetficient

< C/?oSe //‘M/Z‘ o Ae 5 0% of 6( COerﬂf;c;enZ‘, /e

R
— | < 0.5
m;ax P,




v. Coupling Constant Limits
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Non-GR \Waveforms

Positive Coupling Constants
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Non-GR \Waveforms

Positive Coupling Constants
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. eLISA

MIsSion concepl Current /A (Vi proposed wit Hin the ESH
Cossruc Vision L3 Prograst wnder 2he there  The
él‘d\//‘fdf /‘or)a/ ﬂ) ave UniverSe :

Estimaled lavnch dade 1S5 2034
Mission confi 340@5 1on expecled Zo be £Ixed 5}/ 2020

Z.dfe/‘ Z‘/?/‘S yedr, 654 a)/// /dL(Cl/7 Z.ISf%"de‘/?ﬁna/el‘,
A fed/?ho/ 03}/ dernonstralion »russSion £or e/.I§4






LISA to elLISA




Spdde —crafl rave! on Aa/ /istic oréffS

Thduces a Doppler motion which iS5 important
£or 5@/ position resolution
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. Detection Horizon
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v. Bayesian Inference

o Ipject a HHC non-GK signal coith Gaussian noise
s(t) = hyar(t; AM, b, 8) + n(t)
o Search with HHC GK Lemplates
h(t; A\M)
o Start with correct GK physical parameters
o Two possible results -

D <4 Z‘emp/az‘eé detected 51:9/7@/5 above SN threshold

2> ( eCovered paramei‘eré are a)/Z‘/ﬁn 20 of ZCrute \/a/ UeS



| ¢
>

( p=

Bayesian Priors

D m(z) < 1.163 x 10 M
2 1< qg<100

3 7.7x107* < Dp/Gpe < 110

g 0.2 <t./yrs <0.99

) Al other paramelers have open ranges

(0> Co&(p/ /ng constart pr/or 3/\/817 Ay pl‘e\//oaé £/ 3408



b=-5/3, 'sgn =+1°

b=-5/3, 5qn = -1 -




b=-4/3, Isgn =117

b=-4/3, Isgn =-1 7







10° - | " b=-2/3,5gn = +1 10° g | ' b=-2/3,5qn = -1 E




10" F b=-1/3, 5qn = +1 = 0 F " b=-13,sgn="1 -




7. Conclusion

= Y/eav}/ investment in alternaddive theories of (7K
o pp€ provides a £ Famecoork For 38/76,/‘/@ ZesSTs

o Devel. opea/ Q 3ener/c Zine doricn ppf roveLor

O Currert el ISH conti 34(/‘@5 ron not opZ‘fMd/ for

ConsS Zra/n/ng d/ Zerndf e Z‘/?eor/eé

o S ect oF allernddive confi 340@2‘ lons wndercwoay



