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INTRODUCTION

Higher-derivative corrections: EFT of quantum gravity

L=R+PR?>+ "R+ ...
Relevant for black holes

Corrections to black hole entropy as a probe for quantum gravity (Alejandro’s
talk)

A
EFT S= G +... ¢« QGorigin S =log Nnicro

In this talk: corrections to the entropy of the Kerr black hole
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INTRODUCTION

Corrections to Kerr BH entropy: only known at first order Real, Santos ‘19

Interesting to move beyond leading order

o Natural for some theories (&’ corrections, parity-violating terms)
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o Natural for some theories (&’ corrections, parity-violating terms)
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entropy
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Corrections to Kerr BH entropy: only known at first order Real, Santos ‘19

Interesting to move beyond leading order

o Natural for some theories (&’ corrections, parity-violating terms)

e Each HD term in the action introduces an infinite series of corrections to the
entropy

We focus on extremal black holes — near-horizon geometries sen '05; Astefanesei,
Goldstein, Jena, Sen, Trivedi ‘06, ...

PasLo A. CaNo ExTREMAL KERR ENTROPY IN HIGHER-DERIVATIVE GRAVITIES EurosTrINGs 2023 - G6N 3/1



INTRODUCTION

Corrections to Kerr BH entropy: only known at first order Real, Santos ‘19

Interesting to move beyond leading order

o Natural for some theories (&’ corrections, parity-violating terms)

e Each HD term in the action introduces an infinite series of corrections to the
entropy

We focus on extremal black holes — near-horizon geometries sen '05; Astefanesei,
Goldstein, Jena, Sen, Trivedi ‘06, ...

Goals
@ Corrections to the extremal Kerr entropy beyond leading order

@ Rigorous computation of the BH angular momentum
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CHARGES FROM KOMAR INTEGRA

@ CHARGES FROM KOMAR INTEGRALS
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CHARGES FROM KOMAR INTEGRALS

| = ‘/dDX\/m.E (g’“’, Ryvaﬁ)
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CHARGES FROM KOMAR INTEGRALS

/= / dPx\lg1.L (6", Ruvap)
Equations of motion

dL

o 1 _
&y = By Prsa = 5 LG + 2VVPPLag,  Puvap = SRRV
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CHARGES FROM KOMAR INTEGRALS

| = ‘/dDX\/EL (g’“’, Ryvaﬁ)

Equations of motion

dL

_ p oap 1 _
Syv = RP onaﬁ - E-Lgyv + zvavﬁpyavﬁ ’ Pyva‘B = W
Given a Killing vector £ we have a Noether current iyer, waid '94

J: =dQ; +2€,E"E",
Noether charge (D — 2)-form

Q: = —euy (P PV, &5 +2V5PHPEL) |, Puvag = Puvap = Pulvap)
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CHARGES FROM KOMAR INTEGRALS

| = ‘/dDX\/EL (g’”, Ryvaﬁ)

Equations of motion

_ oap 1 _ oL
Syv = RP onaﬁ - E-Lgyv + zvavﬁpyavﬁ ’ Pyva‘B = W
Given a Killing vector £ we have a Noether current iyer, waid '94

J: =dQ; +2€,E"E",
Noether charge (D — 2)-form

Q: = —euy (P PV, &5 +2V5PHPEL) |, Puvag = Puvap = Pulvap)

On-shell dJs = 0, so we have a conserved quantity

Q: = / Je = / Q:
Vp-1 S22
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CHARGES FROM KOMAR INTEGRALS

| = ‘/dDX\/EL (g’”, Ryvaﬁ)

Equations of motion

_ oap 1 _ 2L
Syv = RP onaﬁ - E-Lgyv + 2vavﬁpyavﬁ ’ Pyvoz‘B = W
Given a Killing vector £ we have a Noether current iyer, waid '94

J: =dQ; +2€,E"E",
Noether charge (D — 2)-form

Q: = —ep (PH*PValp +2VgPHP80) , Puvap = Puvap = Pufvap)
On-shell dJs = 0, so we have a conserved quantity

Q: = / Je = / Q:
Vp-1 S22

Observe: integration always at infinity, because dQz = J: = —% *&EL#0
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CHARGES FROM KOMAR INTEGRALS

Define the Noether-Komar charge-(D — 2) form Kastor '08; Ortin 21

~ 1
Q§=Q.§—Q, dQ=—§*§£
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CHARGES FROM KOMAR INTEGRALS

Define the Noether-Komar charge-(D — 2) form Kastor '08; Ortin 21
~ 1
Q§=Q.§—Q, dQ=—§*§£

Now dég = 0 and the new charge is independent of the integration surface &

@:/@
Y
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CHARGES FROM KOMAR INTEGRALS

Define the Noether-Komar charge-(D — 2) form Kastor '08; Ortin 21
~ 1
Q§=Q.§—Q, dQ=—§*§£

Now dég = 0 and the new charge is independent of the integration surface &

Qg:/ZngOg—‘/Sg_z)Q
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CHARGES FROM KOMAR INTEGRALS

Define the Noether-Komar charge-(D — 2) form Kastor '08; Ortin 21
~ 1
Q§=Q.§—Q, dQ=—§*§£

Now dég = 0 and the new charge is independent of the integration surface &

Qg:/ZngOg—‘/Sg_z)Q

ég is the Noether charge if /S(D_z) Q = 0 — compute charge from integral on the
horizon H
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CHARGES FROM KOMAR INTEGRALS

Define the Noether-Komar charge-(D — 2) form Kastor '08; Ortin 21
~ 1
Q§=Qg—Q, dQ=—§*§£

Now dég = 0 and the new charge is independent of the integration surface &

Qé:/}:Q§=Q£_'/S£§‘2)Q

ég is the Noether charge if /S(D_z) Q = 0 — compute charge from integral on the
horizon H

Black hole entropy: lyer-Wald formula

S = —2n/ dD_zx\/EP“"“ﬁewemg
H
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STRING-INSPIRED GRAVITY

© STRING-INSPIRED GRAVITY
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STRING-INSPIRED GRAVITY

Heterotic string effective action on T® at first order in a’
Bergshoeff, de Roo '89; PAC, Ruipérez '21

1 1 1 o .
Iheterotic = %‘/OAX‘/@ [R - 5(3(P)2 - §e2¢(a¢)2 + 5 (e PXy - I,DRWPUR#VPU)]

where ¢ is the dilaton, 1 is the dual of B, and

~ 1
— R2 _ po
Xo = R? — 4RwR" + Rupa R, RIPT = ZetfR
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STRING-INSPIRED GRAVITY

Heterotic string effective action on T® at first order in a’
Bergshoeff, de Roo '89; PAC, Ruipérez '21

1 1 1 o .
Iheterotic = %‘/OAX‘/@ [R - 5(3(P)2 - §e2¢(a¢)2 + 5 (e PXy - I,DRWPUR#VPU)]

where ¢ is the dilaton, 1 is the dual of B, and

~ 1
— R2 _ po
Xo = R? — 4RwR" + Rupa R, RIPT = ZetfR

Problem: the dilaton makes extremal BHs singular Kieihaus, Kunz, Mojica, Radu '15; Chen,
Stein '18
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STRING-INSPIRED GRAVITY

Heterotic string effective action on T® at first order in a’
Bergshoeff, de Roo '89; PAC, Ruipérez '21

1 1 1 o .
Iheterotic = %‘/OAX‘/@ [R - 5(3(P)2 - §e2¢(a¢)2 + 5 (e PXy - I,DRWPUR#VPU)]

where ¢ is the dilaton, 1 is the dual of B, and

~ 1
— R2 _ po
Xo = R? — 4RwR" + Rupa R, RIPT = ZetfR

Problem: the dilaton makes extremal BHs singular Kieihaus, Kunz, Mojica, Radu '15; Chen,
Stein '18
= Stabilize the dilaton
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STRING-INSPIRED GRAVITY

Heterotic string effective action on T® at first order in a’
Bergshoeff, de Roo '89; PAC, Ruipérez '21

1 1 1 o .
Iheterotic = %‘/OAX‘/@ [R - 5(3(P)2 - §e2¢(a¢)2 + 5 (e PXy - I,DRWPURHVPU)]

where ¢ is the dilaton, ¢ is the dual of By, and

~ 1
— R2 _ po
Xo = R? — 4RwR" + Rupa R, RIPT = ZetfR

Problem: the dilaton makes extremal BHs singular Kieihaus, Kunz, Mojica, Radu '15; Chen,
Stein '18
= Stabilize the dilaton

a N a
Istabilized = 16 G /d4X‘V [R 2A - —(877[))2 IIJR#VPURHWM + §X4

General EFT of a shift-symmetric pseudoscalar field coupled to gravity (dynamical
Chern-Simons gravity)
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STRING-INSPIRED GRAVITY

Equations of motion

1 o« z 1 !
R = 59w R + Agyy = —EVPVU (Rp(yv)a¢) t3 (‘9u¢‘9v¢ ~ 59w (‘w)z) :

a ~
V2[1b = ERyvaRHVPU

Observe
e 1 corrected at O(a’), g, corrected at O(a’?)
e Entropy also corrected at O(a’?) — cannot apply Reall and Santos method

Pasro A. Cano ExTREMAL KERR ENTROPY IN HIGHER-DERIVATIVE GRAVITIES EurosTrINGs 2023 - GoN



STRING-INSPIRED GRAVITY

Near-horizon extremal geometry with SO(2, 1) X U(1) symmetry

a2

2 _ 2
f(y)dy +f(y)(d¢ — 2ardt)",

2
ds? = g(y) (—rzdt2 + %) +

2
Y =YocosO, <;[)~<j)+?7Z
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STRING-INSPIRED GRAVITY

Near-horizon extremal geometry with SO(2, 1) X U(1) symmetry

a2

2 _ 2
f(y)dy +f(y)(d¢ — 2ardt)",

2
ds? = g(y) (—rzdt2 + %) +

2
Yy =yocosO, ¢~ao+ g
Determined by f(+yo) = 0, f'(xyp) = F2aw
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STRING-INSPIRED GRAVITY

Near-horizon extremal geometry with SO(2, 1) X U(1) symmetry

a2

2 _ 2
f(y)dy +f(y)(d¢ — 2ardt)",

2
ds? = g(y) (—rzdt2 + %) +

2
Yy =yocosO, ¢~ao+ g
Determined by f(+yo) = 0, f'(xyp) = F2aw
Explicit solution (A = 0)

=0

g=2a*(1+y%
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STRING-INSPIRED GRAVITY

Near-horizon extremal geometry with SO(2, 1) X U(1) symmetry

a5 = gy) (a2 + ) + 2 gy s f(y)(do — 2ardt)?
- g r2 f(y) y 7
2
Yy =Yypcos0, <¢)~<¢)+%I
Determined by f(xyo) = 0, f'(xyo) = F2aw
Explicit solution (A = 0)

’ y(y*+2y2-7)
arctany + ———————+
2(y2+1)

y=0-

a
2a?
0(/2

g=a(1+y*)+ =
a

Sy arctany . 4095y10 4 19285y8 + 35014y8 + 35610y* — 5861y2 + 241 }

8 6720 (y2 + 1)°
_ 2 2
e 1-y a

~ y (3y? +43) arctany
9 +y2  at

32(y2 +1)°

(315y12 + 5495y 10 + 21966y + 31030y® + 51263y* + 963y2 + 1192)
+
3360 (y2 + 1)’
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STRING-INSPIRED GRAVITY

Entropy and angular momentum

2na® , m ,» T (80571 + 2846)
+ta —-a"——

G 2G 4480a%G

S= —27'5/ dP VAP P e =
H
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STRING-INSPIRED GRAVITY

Entropy and angular momentum

2na® , m ,» T (80571 + 2846)
+ta —-a"——

G 2G 4480a%G

S= —27'5/ dP VAP P e =
H

a 5469 + 1501

J=-2 v (PHYOPY & +2VPHYPE,) + Q] =
L[e# ( zxéﬁ B 5U‘) ] G a 1920a82G
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STRING-INSPIRED GRAVITY

Entropy and angular momentum

2na® , m ,» T (80571 + 2846)
+ta —-a"——

G 2G 4480a%G

S= —27'5/ dD'zx\/ﬁPW"‘ﬁeweaﬁ =
H

a 5469 + 1501

J=-2 v (PHYOPY & +2VPHYPE,) + Q] =
L[e# ( Ufélg B 5U‘) ] G a 1920a82G

The relation S(J) reads

T T
S=2nd+a' — —a?—

493 3n
2G JG?

IV o /3
3360 128) +0@")

Observations:
@ O(a’) correction is topological
e O(a'?) is negative: effect of truncating the dilaton?
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-DERIVATIVE EFT OF GRAVITY

© Six-DErRIvVATIVE EFT OF GRAVITY
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Six-DERIVATIVE EFT OF GRAVITY

EFT expansion of the Einstein-Hilbert action

L=R+L(4)+L(6)+L(8)+...
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Six-DERIVATIVE EFT OF GRAVITY

EFT expansion of the Einstein-Hilbert action

L=R+L(4)+£(6)+L(8)+...

o Four-derivative corrections L4 are topological in D = 4 (GB density Xj)
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Six-DERIVATIVE EFT OF GRAVITY

EFT expansion of the Einstein-Hilbert action

L=R+L(4)+£(6)+L(8)+...

o Four-derivative corrections L4 are topological in D = 4 (GB density Xj)

e Six-derivative corrections L): only two independent densities

pop app wv pv o pap ppo
R Rps Raﬁ . R aﬁR po
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Six-DERIVATIVE EFT OF GRAVITY

EFT expansion of the Einstein-Hilbert action

L=R+L(4)+£(6)+L(8)+...

o Four-derivative corrections L4 are topological in D = 4 (GB density Xj)

e Six-derivative corrections L): only two independent densities

pop app wv pv o pap ppo
Ru Ros Ruy + R R R W

B ap

@ Alternative choice
P = 12Rypv0HanﬁRa”ﬁv + RWP"RPU”“;RM”V ~ 12RupoRMPRY + 8RR, R,

5_ gty paf gpo 9 = =
P = 7R (R R = SRR RIVPT — 20R PRy Ry

$ — Einsteinian cubic gravity Bueno, PAC '16
P — Parity-violating version of ECG
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Six-DERIVATIVE EFT OF GRAVITY

EFT expansion of the Einstein-Hilbert action

L=R+L(4)+£(6)+L(8)+...

o Four-derivative corrections L4 are topological in D = 4 (GB density Xj)

e Six-derivative corrections L): only two independent densities

pop app wv pv o pap ppo
Ru Ros Ruy + R R R W

B ap

@ Alternative choice
P = 12Rypv0HanﬁRa”ﬁv + RWP"RPU”“;RM”V ~ 12RupoRMPRY + 8RR, R,

5_ gty paf gpo 9 = =
P = 7R (R R = SRR RIVPT — 20R PRy Ry

$ — Einsteinian cubic gravity Bueno, PAC '16
P — Parity-violating version of ECG

1 4 ~ ~
m dX\/@[R"I‘/\P‘FAP]

leubic =
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Six-DERIVATIVE EFT OF GRAVITY

Near-horizon extremal geometries

2 2
dsi/,f = (a2 +X2) (—[’Zdt2 + C’{L‘?) + % + N(X)zf(X) (d(P + 2ardt)2

2n
X1 <X<X2, P~P+—
w
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Six-DERIVATIVE EFT OF GRAVITY

Near-horizon extremal geometries

2 2
dsi/,f = (a2 +X2) (—[’Zdt2 + C’{L‘?) + % + N(X)zf(X) (d(P + 2ardt)2

2n
X1 <X<X2, P~P+—
w

Key property of these theories: the EOM are solved by N = 1.
Einstein equations &,,,, reduce to

x?f(x) d

= (32+X2)aaf(f’f,f /X)

8¢¢|N:1 = f(X)ZSXX|N:1
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Six-DERIVATIVE EFT OF GRAVITY

Near-horizon extremal geometries

2 2
dsil,f = (a2 + x2) (_r2dt2 + %) + % + N(X)zf(x) (d(P + 23/’0’1‘)2

2n
X1 <X<X2, P~P+—
w

Key property of these theories: the EOM are solved by N = 1.
Einstein equations &,,,, reduce to

x?f(x) d

= (32+X2)aaf(f’f,f /X)

Eolyey = FOPEly,
We only have to solve

E(f, ', f,x)=n

n related to breaking of equatorial symmetry
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Six-DERIVATIVE EFT OF GRAVITY

Boundary conditions
The solution contains 5 parameters {a, x4, X2, w, n}. These are fixed by the BC

f(X1)=f(X2)=0, f’(x1)=2a), f’(X2)=—2a).
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Six-DERIVATIVE EFT OF GRAVITY

Boundary conditions
The solution contains 5 parameters {a, x4, X2, w, n}. These are fixed by the BC

f(X1)=f(X2)=0, f’(x1)=2a), f’(X2)=—2a).

f(x) = £2w(x — x;) + Zb,-,k(x—x,-)k, x~x, i=1,2
k=2
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Six-DERIVATIVE EFT OF GRAVITY

Boundary conditions
The solution contains 5 parameters {a, x1, X2, w, n}. These are fixed by the BC

f(X1)=f(X2)=0, f’(x1)=2a), f’(X2)=—2a)

f(x) = £2w(x — x;) + Zb,-,k(x—x,-)k, x~x, i=1,2
k=2
We find

a2 8Aw?(3F2xw) _48alwd
Xj— — + + =n
Xi Xi Xj

(a2+x) (1 + 2x0) + 2402 (x +a (4x,a)+1))+483/\a) (X,-ia)(az—xiz))zo

Exact relations to be satisfied — 1 free parameter
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Six-DERIVATIVE EFT OF GRAVITY

Entropy and angular momentum
S and J computed through integrals on x. Remarkably, these are total derivatives

s= [ a0 = 81,0
_L Xa (/ rX)_ (/ IX)L1

X2
J:/ dx— I ,x) =9, F,

X1

PasrLo A. Cano ExTREMAL KERR ENTROPY IN HIGHER-DERIVATIVE GRAVITIES



Six-DERIVATIVE EFT OF GRAVITY

Entropy and angular momentum
S and J computed through integrals on x. Remarkably, these are total derivatives

s= [ a0 = 81,0
_L Xa (/ rX)_ (/ IX)L1

X2
J:/ dx— I ,x) =9, F,

X1

We only need to use the BC to find S and J!
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Six-DERIVATIVE EFT OF GRAVITY

Entropy and angular momentum
S and J computed through integrals on x. Remarkably, these are total derivatives

s= [ a0 = 81,0
_L Xa (/ rX)_ (/ IX)L1

X2 d
J:/ dxd_Xj(f/f/X)ZJ(f/f/

X1

We only need to use the BC to find S and J!

p% X2 a a
Xp = xq +24A? | - | 1ol [ S -
a2+x 32+x a2+x1 a2+x2

bid
2wG

2a X2 42 2/\w( +2a° (x1 +x§) x12x§) 6Aw(x1 + Xx2) (a2 +x1x2)

= 82Gw aG (az +X12) (a2 +X§) G (32 +X12) (32 +X§)
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Six-DERIVATIVE EFT OF GRAVITY

The relation S(J): perturbative expansion

S =2n|J| 1

A 2002 +912  184A% + 117412 (J_s)
(G2 2(GJ)* 2(GJ)®

@ Leading correction coincides with Reall and Santos ’19
@ We get the subleading corrections. Parity-violating terms enter at order A2

@ All the corrections are positive if A < 0
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Six-DERIVATIVE EFT OF GRAVITY

The relation S(J): Non-perturbative aspects

45
— A<0 - GR
< 40 -
T T
= <.
O Ch
X X
0 SAREN) =
= 25 <
0.0 0.5 1.0 1.5 2.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
J x G| 7Y? J x GI\|7/?

Ficure: The relation S(J) in the presence of the even-parity cubic correction. Left: A > 0,
right: A < 0. The GR prediction S = 27t|J| is shown for comparison.

For A < 0 we have the bound

|J]| > 4.1

I
G
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CoONCLUSIONS

@ Concrusions




CoONCLUSIONS

Computed corrections to S(J) beyond leading order

First-principles computation of angular momentum from Komar integrals

String gravity: non-topological corrections at O(a’?). What happens when the
dilaton remains massless?

Cubic gravity: obtained exact result. Parity-violating terms affect the entropy

Open problems: mass, extremality bound, global geometry

Extensions: Kerr-Newman, Kerr-Sen, higher order/dimension...
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CoONCLUSIONS

Computed corrections to S(J) beyond leading order

First-principles computation of angular momentum from Komar integrals

String gravity: non-topological corrections at O(a’?). What happens when the
dilaton remains massless?

Cubic gravity: obtained exact result. Parity-violating terms affect the entropy

Open problems: mass, extremality bound, global geometry

Extensions: Kerr-Newman, Kerr-Sen, higher order/dimension...

Thank you for your attention
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Bonus

Angular momentum
= = 1
J=—2ABMJMWﬁa@+2WMWQ@+Q],5MH=;%

1
dQ =—-x &L, Q=0
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Bonus

Angular momentum
= = 1
J=—ZAB%JHWRQQ+ZWMW%Q+Q],émyza@

1
dQ =—-x &L, Q=0

Consider the global geometry

ds® = gudt® + 2914 dtd + g dr® + gy, dy® + goed¢?,
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Bonus

Angular momentum
= = 1
Jz—%ékwﬁwwwg+zwmm%@+ﬂ],EMH=;%

y
dQ=--%x&L, Q=0
Consider the global geometry
ds® = gudt® + 2giedtd + grrdr® + gy dy® + goedd?,

Then
1 1
dQ=—ZﬂwMWAmAw’=¢ Q=—ZﬁHdK/WVM£

The integral of this Q on any constant (t, r) surface vanishes, including S2,
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Bonus

Angular momentum
= = 1
Jz—{ékWGWWWQ+ZWMW%ﬁ+Q],EMH=;%

y
dQ=--%x&L, Q=0
Consider the global geometry
ds® = gudt® + 2giedtd + grrdr® + gy dy® + goedd?,

Then
1 1
dQ:—ZﬂwMWAmAw’=¢ Q=—Zﬁwdﬁ/wvwﬁ

The integral of this Q on any constant (t, r) surface vanishes, including S2,
On the NH geometry, this leads to the choice

ar
Q=———qdt
2wd ANdygy)L

PasrLo A. Cano ExTREMAL KERR ENTROPY IN HIGHER-DERIVATIVE GRAVITIES EurosTRINGS 20



Bonus

AdS case A = —L%

The relation S(J) can be studied parametrically J(C), S(Q)
2 2 _
L)
G(B-?)?

B nl? (22 - 1)
T G(B-0?)
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Bonus

AdScase A= -3
The relation S(J) can be studied parametrically J(C), S(Q)

J_ch(c2—1)
G(3-?)°
nE (1) ,m pln (_3+Cz)4(1+cz)aman(c %)

=—— " +a a
G(8-C%) 26 L%G |ygpr (34602 + %) \3-C2(2+C2)

8925 + 71155(2 — 104972 + 75970(® + 71618 + 423510 + 630('2
20160 (—3 + C2) (-1 +C?) (1 +C3) (-3 +602+ %)

(—166 + 675C2 — 1009C* + 550C8 + 112C8 +23(1% + 7C"2) arctan C
192C (-8 + C?) (-1 + C3) (-3 +6C2 + (%)
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Bonus

AdS case A = —L%

The relation S(J) can be studied parametrically J(C), S(Q)
2 2 _
L)
G(B-?)?

3+(2

3402 2 1-c2
nl? (= 1) n 237 (-3+2?3) (1+C)arctan(C )

_—G(s—@) taloeta 12G

192 (-3 + 602 + (%) {3 - (2 (2+ C?)
8925 + 71155(2 — 104972C* + 75970C% + 71618 + 42350 + 6302
20160 (=3 + (2) (=1 + 3) (1 + C?) (-3 + 6L2 + ()

(—166 + 675C2 — 1009C* + 550C8 + 112C8 +23(1% + 7C"2) arctan C
192C (-8 + C?) (-1 + C3) (-3 +6C2 + (%)

For large black holes J > L2/G

2L2J)”2[ a’? (2949 107n)]

S(J)zn(— S4 == 2
V3G L4 |\ 2240 724/3
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Bonus

The relation S(J): AdS black holes
Reminder: for GR we have

B Gl St G

O_G(s_cz)zr 0 — G(S—Cz)
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Bonus

The relation S(J): AdS black holes
Reminder: for GR we have

_LEC(CP-1) _ ml? (T2 -1)
O_G(3_C2)2’ o~ G(S—Cz)
With corrections we can set J(C) = Jo(C) and we get

16102 (c2 - 3)2 (c4 +13C2 - 12) 642 (cz - 3)4A2 .
S=5;|1- + C
"I (Rt raioa) L8 (ct- 1) (C4+6C2—3)3(

+70C"8 — 58201 — 746712 + 13444710 + 29468 — 34650C° + 332824

1159122 (3 - 5@2)2 (c2 - 3)4
—13797C2 + 2592) + T
L8 (C4-1)* (¢4 +6C2-3)
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