
#veswith Rtunique choice of physical scale
-> competing effects/multiscale physics

not captured well

-> if there are dimensionful classical quantities,
then different identifications are possible

e
. g.
~Y only need

or k+>ry

k~ (Mynkyvt



· where to implement RGI ?

-> action ? ↑
more

-> equations of motion
? I difficult

-> solution to eqs of motion?

· in gravity : - bahreaction can become important

interplay of classical singular matric
and quarter fleahablus that are

many attempts supposed to regularise

in the literate - coordinate invariance

to bix these scale identification incompatible
problems with differorph.in invariance

-> we discuss some ideas



① constricts from Bianchi identity it's a consistency condition
------------ T

recall Bianchi identity : DMGm =O geometric
M identity , has

Einstein tensor nothing to do
Rau-ERgru with dynatics

E
action ↓= 1

-> perform RGI at the level ofEOM L =0

Gau = Bit Gp(k)Tar-Nh) You + &Stri

Sta = Gp(k) [PmDu-grvD2YGp(n)+



assume DMTpr = 0 and impose Bianchi identity :

9) L= 1 : compute DMS = 0 and used FOM Isolve for

Tru)

G(k) R = 2 (G) 154) - N(h)G)

-> specific Rh Sorjectory fixes
K = k(R)

new FO
: G(k)ngxk2 , (h) -xx2

-> k2 = 8/4x*

b) < =0 : compute DMGp=0 and insert FOM (solve for Par

28 G(k) Tar - 1(k) ga] Dok(x)
=0

perfect flid : p =WS , Th = ding(s, P, P,P)

new FO
, 44



8Self-consistencyanditereRC Platania 1903
.
1041)

· observation : we use g to identify k(x) and obtain get

-> should use gt to identify scale self-consistently

↳ iterative RGI :

gagg

· for Schwarzschild as starting point , this leads
to the

Dymnihova BH

Gw(r) = dr(l-e-ez]



③ InvenientR Held 2105. 11458

· observation : RGI at the level of EoM/solution is not

coordinate - invariant
-> goo

fransforme as a desor

idea : take curvature invariant and RG-improve there

· Gr Schwarzschild : RogoRRvso =40
↑ T

RGI1 Gn->Gn(b(r)
compute in terms

of
gRaF _ 1_2)

= differential equation for Klut



fra
/complicated

RGF analytical

IS r

expression

--
classical

obvious problem : what if there are several independent

curvature invariants ?

-> not obvious that consistent

RGI procedure exists

/



Conceptual issues ofR Auber
,Donoghue IIII . 2875

· all of the above ideas Wint towards that
RGI has

ecephal problems in gravity

· Q : Can RGI work at all in &G ?

in the sense of : there is a regime where RGI

does provider the correct qualitative

answer
,
shilar to the Vehling potential

f this
,
we go

back to perturbative QG and consider

different 2-2 scaldering processes involving gravity
1 =0



quick reminder
: 2-32 scathing

-> 4 momenta P, r , Per , Pap , Per

convention :aingoing P. + P2+3 + py
=0

-> external lives are on-shell => pi2= m ?? = O
for gravitous

-> Mandelstam variables

S = (p+pe)
?

+ = (p,+ P3)2

a = (p, + py)2

with Statu =m



-> the amplitude is a function of (S, t,n) , or equinitally ,
in the cembre-of-mass frame

,
(E?

,
Of

- -

↑ * scattering angle in
lenegg
transfer??

COM frame

=> If RhI makes sense , then
there should be a

replacement Go-Gp(ET) that , inserted indo the

free-level result
, gives the one-loop result

-> this should be sel ,
:
. e
,
relid for

all processes



to maximise chances for success
,
we consider the differential

dr
-Cross section
az Imeasure for the effective area of a

scattering larged

1) gravilon-graviton scathing 2) grav . Scatt. of mussless Scalers

↓ helocities (don't worry
++ -- 3 about it]

Age i GoI Awe [iGn[+ *+>)
Y I
match RGI to one-loopdo
L Y

GNSe?) = En [1 + CGE2] GSE2)Gn[1-CGNE2]
T un - Cs30

grows withE Cg30 decreases -thE



&similar issue if other
helicity channels are

-> suggests that there is no

considered (
reasonable def . of Rh running

for Gp ???What didwethen ?

-> is RGI nonsense
,

or is gravity special ?

to answer this ,
we havedo

go backb our starting point

for renormalisation :

-> original observation : physics changes if a physical
energy scale changes

-> what we compute with FRG : change when an IR

crloff changes



"prunning" vs ."Grunning
"

-

↳
-> physical energy scale is e .g. a momentum! -> derivative in the action

~>h is a fiducial momenta scale

in some cases
, k-running mimics p-onning ,

but
-

there are exceptions

-> When halking about RG
,
one has to specify

which is meant !F
subtlety that leadsb a lo

of confusion



recall what the manide of the FRG was :

Th ⑳
Px

SL ↑ FP action

I

effective action

↑
this is where the physics is

-> all quarte flushablus included

= "each integral performed
"

->
once we have N

,
we can forget that we

used the FRL to compute it



= prunninga momentum dependence in M

~ punning !!!

-> in gravity , M= JdYxg[RDR
↑Pre...]

Dunning here

=> Go (and 1) do notwn with physical monein !

Suppose they
would

,
then e. g.

O : What about SaYxFg R > all potential contrical

Vinta? B-dependence are
Surface Lens



=> krunning = k-dependence of My

↳ Ph = Ja *RRf
↑ Fraufrulis)R+...]
krunning eveyahre !

subject to constraints :

ko : Ennn , 1471 , Fru
*fri-

kee : gu ge , int by , fan- fex ...
-

dimensionlegs in units of K



learning : - Gp and M have kronzing-
but no prunning this explains
-

X the problem with

=> RGI questionable the a plinte

· fe
,
Oric
,
...

have both krunning and
idea for

RSI of fr, : pruning

fr
,n(0) fr(p => RGI potentially more promising
but still issue with Wich rotation : PER but KERRt

my for the amplidde ,
relevant one-loop contribulbus come

from R2
, Fo RM ; these loves different tensor



Shirchen than the Enskin-Hilbert Jerm

=> cannot be both captured by
a single

coupling

Comments toeut this wo perspective :

· computing punning is hard

->

many computations rely on expansions in powers of is
,

or RGI where it makes sense

· pheno : people do what they can , analysing
complicated valious with form factors is



often unfeasible
i.e. for and1

↓
-> simple RGI often only way
b make any statement

at all

-> nevertheless : "As-inspired" instead
of "predictions of AS"

· laugh part of the literature focusses on

establishing the FP in the first place

-> browning important for this

· answering some of the most pressing open

questions need to consider Pruning ,



e
. g.
is the theory unitary & causal ?

e .g. check bounds on scakenly
amplitudes

-> also strictly needs Lorentian computations
-

of which we have some now

some of these developments came out of ConstructiveCriticism

from outside the community Donoghue 1911 . 02967

=> having an open mind is important for progress,

scientific or otherwise


