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Introduction

CIEFT: the main idea (W.Goldberger and I.Rothstein)

The key insight that makes CIEF T possible is the following:

Consider an isolated black hole which is described by
L gm_j . and denote by r, - the Schwarzschild

radius of the black hole.

If we are interested in the dynamics at length scales L >>F,
then it makes sense to define effective action S [ E

Y
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It tums out that:

- In general S . | x*, g, | can be expressed as an infinite
tower of local operarors O,(7)

vfi_x " _: 16;TGJ.ddlqr§R( J.dz'Ok‘z')

- All UV dependence appears directly in the Wilson coefficients C, ( I )




Introduction

CIEFT: the main idea (W.Goldberger and |.Rothstein)

It tumms out that:
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tower of local operators OI ( )

S&_ﬁ[ ¥ J.ddtqqrﬂR( J-dz'O r)

17 162G

« All UV dependence appears directly in the Wilson coefficients C, ( r )

« [f the full theory is unknown (or known but strongly coupled), it must
manifest itself at low energies as an effective action of the above for




Introduction

CIEFT: the main idea (W.Goldberger and |.Rothstein)

It turms out that:

- In general S . | <*. g, | can be expressed as an infinite
tower of local operators O, ( 2")

Sy [ & |- IMGfddw— (x) Ichj.drOf(_Z')

- All UV dependence appears directly in the Wilson coefficients C, ( " )

- If the full theory is unknown (or known but strongly coupled), it must
manifest itself at low energies as an effective action of the above fo

- If the symmetries of the full theory survive at low energies, then the
operators OI. ( r)must respect those symmetries.
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All the abovementioned properties reveal the content of the
decoupling statement:

.
b
S B b P h ool me "SI B m B W B ot e

By writing down an effective action containing the most general set
of local operators consistent with the symmetries of the full theory,
we are necessarily accounting for the UV physics in a completely
modef independent way.
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Einstein-infeld-Hoffman Laqgranqgian denvation:
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potential field H
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Einstein-infeld-Hoffman Laqgrangian denvation:

Step 1 .:';

Integrate out r. L
| e __ - |
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S = = g s 2 — i V
where g, =n, +H, +h,  and dt, =g, dx dx,
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Einstein-infeld-Hoffman Laqranqgian denvation:

R/'
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Step 1
Integrate out .
]
16:{(3" "’f 2] E I

where g =n, +H +h and d'{; = g,,dx,dx,

S i

Step 2
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Einstein-Infeld-Hoffman Lagrangian denvation:

Step 1
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where o = [ 7 f?ﬂ. and d'f; = ‘g_rldx“dr"

O Ly

Step 2

Apply temporal dimensional reduction ansatz:
ds- =e”(dt— Adx )h —e "y dx'dx’

This defines a change of variables g, —>( VA, . 0)
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Einstein-infeld-Hoffman Laqgranqgian denvation:

As a result we get
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where F. =04 —C A is the gravito—magnetic field strength
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Einstein-infeld-Hoiffman Laqgranqgian dernivation:

As a result we get (1
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Exact bulk action within
the stationary approximation

where F,. =0 A4 —C A is the gravito—magnetic field strength
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Einstein-infeld-Hoffman Laqranqgian denvation:

As a result we get .:;
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Exact bulk action within Time derivative term
the stationary approximation freated as perturbation

where F. =0 A —C A is the gravito—magnetic field strength
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Einstein-infeld-Hoffman Laqranqgian denvation:

S
Step 3 I
i‘;
Decompose all the fields into potential and radiation components

(_ }*’_i_@l‘) _)'(:{ _1_5}"‘ "L +5‘ @Ta)

and integrate out the potential modes & order to obtain an action

for two interacting massive particles which depends on their
velocities as well as their locations
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Einstein-infeld-Hoffman Laqranqgian denvation:
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Einstein-infeld-Hoiffman Laqranqgian denvation:
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Einstein-infeld-Hoffman Laqgranqgian dernivation:
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Einstein-infeld-Hoffman Laqranqgian denvation:
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Post-Newtonian approximation

Einstein-infeld-Hoiffman Laqranqgian denvation:
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Einstein-infeld-Hoffman Laqgranqgian denvation:
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Einstein-infeld-Hoffman Laqgranqgian denvation:

: {:": (f:) : o e 3 il - ﬂ}:
SHFZ—Z?.”EJ.({F 1_ — — - _‘:_(p_-'{'l"r.._!__'l':@—?——f—-__ |
Jif — 2 8 i ad 2 o2 :
) \

‘ih == L_q——- <

Integrating out the potential modes leads to
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Einstein-infeld-Hoffman Laqgranqgian denvation:
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Einstein-infeld-Hoffman Laqranqgian denivation:

Newtonian action %
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Einstein-infeld-Hoffman Laqranqgian denivation:
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Einstein-infeld-Hoffman Laqranqgian denvation:

il | |
L__‘-E(rj__vl}:gém (v ) ‘——H N—{ + h - .

Geem, .
172 5 .5,
2r

Gm e .
1 L3 7S

-
R,
G mym, (m, +

—4

P ol



Post-Newtonian approximation

Einstein-infeld-Hoffman Laqranqgian dernvation:
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Post-Newtonian approximation
Einstein-infeld-Hoffman Lagrangian denvation:

Gmm, [ ¢ - = G mm, (m, +
| . [3(1.'1“ + v r -V, +V -V, -

Improvement: The pay-off of dimensional reduction EZ. —>(T.u,=4~..¢)
[sis that the triple vertex diagram gets eliminated
and there is no need fo cope with a loop diagram
containing voluminous 3-graviton vertex.
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We want to study thermodynamics via CIEFT
(Y.Chu, W.Goldberger and |.Rothstein)

» Integrate out the short degrees of freedom around the black hole
and replace them by an effective worlid-line action

Irrelevant term

Sﬂ“[x*“__ e == |d xﬁ\jER —m, j dr + _
- AR 167G - to further discuss

where dr’ = g, dx"dx"
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We want to study thermodynamics via CIEFT
(Y.Chu, W.Goldberger and |.Rothstein) >

» Integrate out the short degrees of freedom around the black hole
and replace them by an effective world-line action

B Irrelevant term
= = j dr it

S“[:c’“..ﬂ., == d®x “-'TR
eff > Ouv | 167G * | NS to further discuss

where dr’ =g, dx"dx"

- Choose x" =(t,r =0.z=0) , thus d?'*-\:cvw (0)dt
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It

We want to study thermodynamics via CIEFT
(Y.Chu, W.Goldberger and |.Rothstein) y

» Integrate out the short degrees of freedom around the black hole

and replace them by an effective worid-line action
Irrelevant term

- S o 1
Seﬁ" [1 * e _| B 167G - [d wa‘:’R T I ir+m further discuss

where dr” = g, dx“dx"

- Choose  x* = (1.7 =0.2=0) , thus dr = 800 (0)dt

 Decompose the metric tensor into a long wavelength non-dynamical

background field g =1 + !-_z_m_ and a short wavelength graviton i;gic Fz_m,
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We want to study thermodynamics via CIEFT
(Y.Chu, W.Goldberger and |.Rothstein) Y
- Integrate out A, :
ilr:,'-."—r'_ 3 Fut — ‘E.S;:T _I'H S uv=Min q";;;.-t +1,, ]
e —:J.Df?m,e L -
here S .| x* o | L (g faR (x) o d
where eff X, gh ':_— “Ia&-g X _?h‘r.[ 'Fgl'ﬁ e et
; ‘4 167G : . i
,il'_ PRCSENE) - . [ i B 1 }:11: g E'": }?-':‘::E!}'h: =
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We want to study thermodynamics via CIEFT
(Y.Chu, W.Goldberger and |.Rothstein) Y

- Integrate out h,,:

I']._ o ‘{'-L' }l_:: |

v

where S . [:c“q a9 ||: J‘d L\ng(t] m, J.,uguﬂdr
- 167G
o AL L .
and “‘Jg&{} —‘\fl_;ﬂ}: +;I!:-:::J —].'l_ : 5 l = -1 — amm

- The mass, J}1 , and the tension z' of the biack hole can be read off the
following linear terms in [ eﬁ” 1 h’
s 1

i 1 .
i K, [1:*” e = = m_ dthyy + I'LJ. dth,,
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t

We want to study thermodynamics via CIEFT
(Y.Chu, W.Goldberger and |. Rothstein) y

D-3
+ Each Feynman diagram contributes a definite powerof (7s/L) <<1
In particular, if we are interested to compute /11 and T
up to second order, then one has to consider the following diagrams:

R e, S
A

N,
p|

¥

r
= ) J"'"}_“

=
— - —— ==
e

==
\—(“g_‘(‘-.u'

o

~ ¥

{"
&




Caged Black Holes

Z
Improved CIEFT (B.Kol and MS) av—{




Caged Black Holes

A

Improved CIEFT (B.Kol and MS) ‘ z

» After replacing the spacetime in the vicinity of the horizon Y
with an effective action:

S | x*, W | =
w1 - e

apply the following change of variables £, — ( A,.0)

jd r%ng(r) ﬁfgj.\fglmdr e

dS _&? (df—'- —_ICZTJ:' ) __Q—Zﬂl_j—jﬁ:/{fdrfdruf

which reduces over the non-compact (!) temporal direction

Note! 4 = () since our system Is static, namely it is symmetric under [ —>
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7.3
Improved CIEFT (B.Kol and MS) 3_;

« After replacing the spacetime in the vicinity of the horizon

with an effective action:

. 2 Y p—— o
S, | X & | = — do XA/ 8 R(:r) ?”!}J‘\Ig[}[}df =

apply the following change of variables £, — ( V>4 o)

dSl = Q:rj ( df e ;_l:dr‘: ): i e—:fﬂ IJ‘—SE:{;dTEdT;

which reduces over the non-compact (!) temporal direction

Note! 4 = () since our system is static, namely it is symmetric under [ —>

« As a result we obtain

d— 5(0)

| L F { : 3
S (7.0 jdz_—lémh d* xLR[y]—d_?)(‘Tga) —me® @+
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Improved CIEFT (B.Kol and MS)

« After replacing the spacetime in the vicinity of the horizon

with an effective action:

L T 1 ; oo
S| * > 8w |=— = d* r,”ng( )— mﬂjﬁguﬁdf*.—

apply the following change of variables £, — ( YA o)

ds’ =&’ (dt— Adx' ) —e??*" Py dx'dx’
which reduces over the non-compact (!) temporal direction
Note! 4 =0 since our system is static, namely it is symmetric u
* As a result we obtain

S| f"’.-';ﬁ)f"jdf:—

167G

d— d_:" o |
2 { ] e
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Improved CIEFT (B.Kol and MS)

« After replacing the spacetime in the vicinity of the horizon

with an effective action:

= = 1 r —
S| * - 8n |- 162G d WFSR(‘L)‘%J‘\ngdf“

apply the following change of variables £, — ( V>4 o)

ds” =e™?(dt— 4.dx’ ) —e 2?4 Ny di'dx’
which reduces over the non-compact (!) temporal direction
Note! 4 = (0 since our system is static, namely it is symmetric under [ —>
« As a result we obtain

£ o = s ad—2 2 oot (8 @¢Q) ,
Sﬂ(,f__@)fjdf_—m G-[\‘f ( |7]+ e e
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Improved CIEFT (B.Kol and MS)

« Decompose all the fields into a long wavelength
non-dynamical background field and a short wavelength field:

(7> ) > (7, +7;- 6+0)

and integrate out the short wavelength modes.

= —

L -|o.7 1S | 044 .y +7
o it = L

e 757 = | DgDy e T
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Improved CIEFT (B.Kol and MS) 3_{

- Decompose all the fields into a long wavelength
non-dynamical background field and a short wavelength field:

(;f;r: @) %{x”rf ':?b‘ @*5)

and integrate out the short wavelength modes.

Ir:_aﬂ @.7 IS | 949 . Vs 7

e 7 :J‘DaﬁD;/ﬁ.e s SR 2

. mp- -- e
Before: _"_: Jf‘i’d = Qpeee = H., = |b_ -?’nrw

« m is given by:
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Improved CIEFT (B.Kol and MS)

 Moreover, we suggest an improved calculational
definition of m : compute 0-point (vacuum) diagrams, rather
than 1-point diagrams

PP .
- /’Z’a s - |
—N — g — g . £
1/ ) YY)
é./ |

»
Explanation: By residual diffeo-invariance the action must

look like T q?i = :: —m| dr where the proper time element is

dr=,|g, d"dx = \[g,dt=& dt=(1+§ +..)dt
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™|

Improved CIEFT (B.Kol and MS)

 Moreover, we suggest an improved calculational
definition of m : compute 0-point (vacuum) diagrams, rather
than 1-point diagrams

—m = r’@ = —mg + |

Meeting Minder...

Speaker Notes

Explanation: By residual diffeo-invariance the Paisiter Options

look like T q{i

Screen

| 8 J D—m| dr where the proper time =

ar— -\/gﬂ.d.r-“dx" = gﬁﬂﬂdr = E’;df » {1 - i'ﬂc-.-w
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Improved CIEFT (B.Kol and MS)

 Moreover, we suggest an improved calculational
definition of m : compute 0-point (vacuum) diagrams, rather
than 1-point diagrams

Explanation: By residual diffeo-invariance the action must

ook e T

|

g, l!:r—m dr where the proper time element is

dr=.[g, dx"dx" = \[g,dt=¢ di=(1+g +..)dt
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