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Explicitly solvable

n

n

f(R; Q) models

For physical applications, we need solvable mod R(T); Q(T) .

Simplest solvable model: f(R.Q) = f(R)+ R“FQPRW

u Trace equatiol 201q+rig 2t=k21 ) Rfgr 2f=k?T ) R=R(T).

2 s

32

q_—. £ 5 ~
U Traceof ~ 2fgM : TSP: k2P+%+R—§f% +%43 ]%+fR ]%+fR

Example: f(RQ) = R 2%2P+ RmREm

Q= % 1 2k*(r+P) . 2k*(r 3P)? : 1 H(+P)

B Re 3R? Re

3(P+r)° . 15(P+r)*

. 2R
Expanding: Q 3P<+r< + >Ro AR

+ 0

In this model, R= k2T is the same as in GR.
Note thatQ has an upper bound !!!
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Spherical Symmetry

n Considel d$ = gndx'dx" = A(r)e? (Ndt?+ Lodr?+ r2dwe .

A(r)

n For a static, spherically symmetric Berfect uid:

u

u

Mt

S(r;P)oi ,whereS(r;P)= L3=(L; Lp).
W(r;P)gij ,whereWMr;P)= P Li(Ly Lp).
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| Conservation Equation

| Summary of formulas
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Spherical Symmetry

n Considel ds = gndxdx' = A(r)e? (Ndt? + Tlr)dr2+ r2dw2 .
| ot k. n For a static, spherically symmetric Berfect uid:
e 4 he = S(riP)gu , whereS(riP) = Lis(Ly Lo),
. o hij = Wr;P)gyj wherew(r:P)=" Li(Ls La).
n ComputeGgg(h) andRyn(h), and construct the combinations
T o R Reg= Wit

The End

u qugqq = tg
n We nd the following equationgwhere A(r)= 1 2M(r)=r )

W, 2y o= 1qr Wit 1W oW LS 1S W W
UoowriyrEat sttt ozw 2wt ' .

W W S S W W
h i
Wit
uo W2 M StEoSt A W W20 BV 3 W
w r r 2 w W r(r 2mM) 4 W
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n Considel d$ = gndx'dx" = A(r)e? (Ndt?+ Lodr?+ r2dwe .
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: ::ieI];iqujatic:)ns u hlJ — \Mr 1 P)g” 1Where\Mr l P) - Ll(Ll L2)

| Solvable models

inati
iy n ComputeGgg(h) andRyn(h), and construct the combinations
| Summary of formulas
| Summary and Conclusions u %/Rttgtt Rrr grr = mS/'I:% t;
The End qq q
. qug = tq
n We nd the following equationgwhere A(r)= 1 2M(r)=r )

Wy 2 — 1 4r Wit 1W oW LS 1S W oW
U wri YrTAat st o sw 2wts F s ow tw
h i
W, 2 M _ 3t 8t We o W 2r 3V 3 W
Ueoowtr T o AWt W o aw
n It remains to obtain the conservation equation:
dP _ _ M M
= (r+P) yr+5 = (r+P) AT Yr A
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Conservation Equation

n The conservation equatio % = (r +P) y,+ 5% turnsinto
| About this talk . . . ro Wit
| » dP _ M (Gt st) 1w 3W ., 2r 3M 1 S W

: ia5|csofPélat|n| T (r + P) 2A DA DW 1W + r(r 2M) 5 9§ W ,

onnection in General f |
| Connection in General f Il
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Conservation Equation

N The conservation equatio

(th+ Wit

dP _
dr

dP _— M
dr — (r+P) r2A

- W, 2
whereD = wt T

n Using the notatioWy

1
2DA D

the above equation has the form

Ci+ CoP+ CsP2=0

where

(r+P) Yr"‘ér—A

We
W

turns into

2r 3M

3W 4 2r 3M_ 1
AW T r(r 2M) 2 S

sl

WeP, andS S P,,whereWp fpWandS 9pS

_ 2(r+P) Wit 13
2l 2Mm) tr+ §ttirz
_ 2 (r+P) Wp Sp
C2_r 1 2 W+§
w1 em awe s wp ©
— r 3
G=wl1l =7 5w =< W
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Conservation Equation

N The conservation equatio 5- = (r+P) yr+ 5z turnsinto
P - (r4p) M (St 1w 3w, 2r 3m 15 W
r r2A 2DA DW 24W ' r(r 2m) 2 S W

- W, 2
whereD = wt T

n Using the notatioWy
the above equation has the form

Ci+ CP,+C3P2=0 where
n We thus nd that
P - PS‘O) fal 2
' [1 a(n)] where

1+ 1 br)p

WeP, andS S P,,whereWp fpWandS 9pS

_ 2r+P) ry Wet 13
] 2k 2M) ’ ty + stti4
+
C=21 &P %"'%
w1 em awe s wp ©
— r 3
G=w1l 75 2w < W
(0) (P)h 3i
r+
Py~ = r(r 2M) M t¥+V§vt% %
a(r)= @R 4 P
WPh (r+P) Wp nVVP o!
r+
b=(2rF 1 52 3 £ F
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Summary of formulas

n The stellar structure of static, spherically symmetrideys in
f (R RunR*") Palatini theories is governed by the following equations:

About this talk . ..

I
| Basics of Palatini
| Connection in General f | u % + 2 yr - % t:: mS/t% %% 2% + % % % % + %
| Connection in General f Il .
| Perfect Fluid FOWat h |
| Field Equations u M + 2 % — 3tr §tt + A M + M 2r 3M §ﬂ
| Solvable models W r r 2 W W r(r 2Mm) 4 W
| Spherical Symmetry
| Conservation Equation P(O) )
U Pr= oL {
| Summary and Conclusions [ a(r)] 1+ 1 b(r)P'(O)
The End
where
u W= Wr;P), S= Yr;P)
_ (r+P) W . S
uoan= - wt s
Wo h (r+P) W " W S ol
— r+ 3
u b(N=(2Nw 1 5 3w W =5

Gonzalo J. Olmo Paris, July 2009, 12th Marcel Grossman Meeting - p. 11/13




Summary of formulas

n The stellar structure of static, spherically symmetrideys in
f (R RunR*") Palatini theories is governed by the following equations:

About this talk . ..

I
| Basics of Palatini
| Connection in General f | u % + % yr - % t:: mS/t% %% 2% + % % % % + %
| Connection in General f I .
| Perfect Fluid FOWat h |
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u W= Wr;P), S= Yr;P)
— (r+P) W . &
uoan= - wt*s
Wo h (r+P) We " W S ol
— r+ 3
u b(N=(2Nw 1 5 3w W =5

n We recover thef (R) egs. whenfg! 0, which implies S= W) fr.
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Summary and Conclusions

n Generalized Palatini(R; Q) theories generate modi ed gravityithout
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Summary and Conclusions

n Generalized Palatini(R; Q) theories generate modi ed gravityithout
Introducing new degrees of freedom
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|
] n The independent connection is solved as the Levi-Civitaneotion of an
ey e auxiliary metric related with the physical metric vialsformal

| ot o transformation

| Spherical ymmety

Srr:rigrjtgfujzn n Ingeneral R and Q are functions of the components Ty, , not just
e g functions of the trac' T .

n Insome modelsr and P arebounded from abovavhich mayaffect
the solutions near singularities

n The equations of stellar structure can be found followinggorithm
similar to that used in GRI he resulting equations smoothly recover the
f(R) and GR expressions in the corresponding limits
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