TitleEEnergy Detectors, OPEs and Soft Modes in Asymptotically Flat Gravity
SpeakerBernan Gonzalez

Collection/SerQasxntum Gravity

SubjectQuantum Gravity

DateNovember 20, 2025 - 7:30 PM

URL:https://pirsa.org/25110093

Abstract:

In this talk, we analyze detector operators that measure energy to the power "-2 at n
operators transform as conformal primaries on the celestial sphere and provide a nai
observables in scattering processes. Using the collinear factorization of scattering amg
structure of the operator product expansion (OPE). A key consequence of our analysis
detector, the number operator. Exploiting the fact that soft charges generate symmetrie
the number of particles is entirely determined by the product of two supertranslation cur
between detector observables and the soft sector of celestial holography. Analogous con
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Main results (Preview)

<> Gravity detectors OPE closes in a finite set of
operators. -
()

<> OPE coefficients are finite: collinear safety.

< A = 2 corresponds to the number operator.

<> The residue of the A = 2 factorizes as a product of two
BMS currents.

N (x) JK(x, Z1:20) 0P(2,) 0P(z5)




Motivation

What can be measured in gravity?

Defining observables is challenging because of diffeomorphism invariance
and the long-range nature of the interactions.

Surface Charge
Classically H Mo =tj[> ds; [oxhy — b |

1

The deviation 7;; with

respect to Minkow'ski spacetime

Notion of asymptotic region!
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Motivation

Supertranslation symmetry generates

an infinite set of charges.

1
o 2
o) = 472G j«_}d x\/}—’T‘/%Bondi

Matching conditions

I Allowed Symmetries +| —o-
nfrared BMS=—— " ym . 0 |ﬁ 0 |
enhacement Trivial Symmetries

[Strominger '13]
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Motivation

j+
_ i Matching conditions
e implies the infinite set of

conserved charges

s=-—1
I
/-

Q};zlrd - Qf;rd = s_oft - S-;ft Bf!errllory Effetct;

— isplacement o

shear tensor in

o B - B =

b — Qs = DDPCup(u = + 00) — DADPCyp (v = — ) teirr:r;sé r?]fl :;);?% of

[ rt. |
00 —00
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Motivation

T2 |
(7~
" . +
Qhard B Qhurd — Xsoft — Xsoft
+00 400
3 - 2 .
Qhard = Qhard i [ du Tt(m) g I dv T(vv)
—00 -0

Matching conditions implies the
Infinite set of conserved charges

Can the IR symmetries tell us
information above hard

charge operators?

+00
&(A) = lim r2J duT,(u,r, ri)

r—=oo
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Generalized Energy Operators

+00 Cg(ﬁ) .

&) = lim rZJ duT,(u,r,rn) 4

r—00 . Detectors at null infinity

oo da) - -
- > (a}s)(cu, x))Taf)(a),x), Bounda_ry operators in
= 4 (2n)3 celestial holography
Located at null infinity
Incoming flux Collects data along the null line
of particles
Generalization: © do
Y — A—1 ¢ .(s) AN L) = Special cases:
“Energy to some power” gﬁ(z’ Z) - Z J (271.)3 s (aJ (w’ 2 Z)) aJ (0)’ 4 Z) 2
F “0

A = 3: Energy
A = 2: Number of particles

%A(Z, )| wgw,w)) = CUA_Z(SQ)(Z —w) | wg(w, w)) 2 < A € Z: “IR-poles”
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Generalized Energy Operators

o0

a
—— 0% (@(w, 1) a (@, x)

These operators fall
& =
a®) ZJ 27)?

into the representation
80(2) tensor product 7 70

SRs=0p0” P 2s

For Gravity: s = 2

Scalar Pseudo-Scalar Spin Four
Z\(0) = ) + &3 () & (x) — €3~ (%) () ;)
h=2(A+5)
2
It is a conformal primary. cgal,az (az + b) — (CZ - d)h(CZ ip d)’_’%al’aﬁ(z) _ .
under SL(2,C) A cz+d A h = E(A —5)
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Energy Correlators

&4, () () Originally studied

- QCD
~
. ’
~ ’
- -’
. ’
5 s
- -
-
b ”
-
-
» -
---.
- ~
- ™
-
-

”.’ | ¥) = O(x)|0) ke

[Sterman 1975]

gA3(ﬁ 3) &, (Ay)

[Maldacena, Hoffman 2008]

In-In correlation 1
1 [En='—1 T % ...% lIJ :
function il T &4- 8y | Py
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In-In correlation

function

Energy Correlators

& (1) & (1)

%A3(ﬁ 3) %A;;(ﬁ-’l)

1
E,= WA in{P1°**Pm| &84, |21 Pm)in
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Energy Correlators

& (1) ()

Particles in green are
considered as
“undetected”

NG &l
We insert a
In-In correlation 1 complete set of
) E,=— P Pnl Ep....& Dp)i
function oy PPl 8y, [Py Pl states

X = [k palh
I = i dLIPSX|X>out 0ut<X| { I (’UJQ(”;)}
X
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Energy Correlators

P1

P

&a,(1) €,4,(1)

Pm—1
P
1 ) )
[En = N_' + 0)”(](71”)+K— P) I ‘ﬂm—ﬂc+n|
T g=1
P ipf This is an. example of a

i=1 weighted cross-sections
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Splitting functions and OPE

]
* %Al(ﬁl) J

Tree level A
' ny-ny, =0

contribution

™ 1
B %Az(ﬁj) l

M, (01, 0130295, 0,) = Y Split_,(01,0,) MK, 6)(€g)* + ...

o

lim [En+1 = [Ediag + [Eoff—diag
X17>X,
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Splitting functions and OPE

Tree level
contribution

Egiag = B X E (A} + Ag, Aig; -5 A, ),

1 1
%(AI,AZ,Z12,212)=EJ de 12271 (1 — pAi! Z | Split (o, 65) |*
0

61,0'2,6=i !
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Splitting functions and OPE

Tree level
contribution

[Eoff—diag = 2 (ga,a’ [EJGI(AI T Aza ceey An)

6,6’

1
C (A1, 89,212,215 = [ de 81 (1 — P iSplit, (— , 4 )Splite( +, — ).
0 I
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Gravitational detector OPE

Scalar Pseudo-Scalar Spin Four
& \(x) = %ZJ’(x) + &L (x) %Z*'(x) — &L (%) %?Z_(x) %E‘(x)
X=X . 2%2 . Ziqz
gA (xl)%A (X2) S CO%DL\]+A~(:'XE)+C+T%0‘_\_ il (k7)+c s & +7 (}n)
) 2 <12
: . e X=Xy 2%2 ( == Zi22 ot —
.8 Ep (i) %Al (xl)%Az (xz) o~ ao(ﬂA iy (’n)-l-a_,_ ) AHFA ( — (pA +4s \.24)+...
@ ..... - 2 Zh
--.—'-~: &,,01) e e xl_)x'ﬁ le o
: %’AI (Jcl)%A2 (%) '~ f+ (‘3] ™ (x,)
12
Xi—>X _2
% (xl)%A (xz) l 2 Z (93 +A, (.)L 3)+g+ .’3_1("—2)
2 I
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Gravitational detector OPE

Scalar Pseudo-Scalar Spin Four

Ea(x) =& (x) + &5 () E1T(x) — &1 () & (x) &)

Z Z
Ea ()& (%) 'R o p pa,)FC, Z” Eatia, @)+ Z”%+ Fa )+
12 12

OPE coefficients are non-singular Kinematical factor with spin £4

& == 2}(28(&1 + 2,8, +'2) AfZ € ZJv.:<2
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Yang-Mills detector OPE

Scalar Pseudo-Scalar Spin Two
E\(x) = %ZJr(x) + &5 (x) %r(x) — &r (%) %Z‘(x) %T(x)
x| %) Co S
%A (xl)%Az(xz) > %A1+A2 2(x2)+ A +A 2(X2)+ s %A Ao _2(.?62) + ...
212 2t 12

OPE singular due to collinear

: Kinematical factor with spin 2
-

singularities |z;,

It receives corrections at loop level: Anomalous dimension
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Gravitational detector OPE

OPE coefficients are lim (&, (7,)&, (A)) ~ constant
non-singular iy I

The soft emissions
dominates two-
point functions in
the back-to-back
limit

Structure is preserved at
loop order!

,
YEEC

f

[Herrmann, Moult, Kologlu ’24]
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Gravitational detector OPE

(1-1Hw
Soft exchanges
6~0
t~1lort~0 ")
tw
X =% Z1 2
{ =&y . - i =
%Al(xl)%Az(xz) ~ (.()gAl+A2(x2)+(.+ZT %AT+A2(x2)+c_ZT%XI+A2(x2) .
12 1
1
co=| dtt* 11 —pA1 Y |Split(0y,0)|
70 01,0,,0==% =~ 1
E 1207, —2
¢y = | detdr1(1 =) 18plit, (-, + )Splity(+,—) t=1 I
J0
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Gravitational detector OPE

(1-Hw
Soft exchanges

t~lort~0 @

lw

r1

o= | diet i1 —pAt Y |Split (o1, 0) | 1 Soft pole at
Jo 0,,0,0=+ N + the level of
i Ai,—2 the cross
c. = | dted~1(1 -2 18plit, (-, + )Split.(+, —) 2

J, section
Singular! :
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Soft pole detector

We now focus on the one-point function with A=2.

We would like to determine its residue: Asociated to supertranslation currents!

1 0
(&a) = N—[ do »*~! i 5N wqW)+K — P)| My 41|
mJ0 k
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Soft pole detector

[&0]

(& 5()) = Nij

m Y0

do 07! i 8N wq(A)+K — P)| M pir |
k

We can extract the pole N(#) = lim (A — 2)&,(A)
by considering i

m+n I

Using Weinberg’s Soft ooy — " B o P
theorem Sdoi Z‘S K=-P)| 2, =2 2, + D |o@Kxx0)]

i,j€EIn i€out,jein  i,jeout

(qi : q1)2 IZl — & |2
K(x;, x;, x) = = » 4 =49 ),q = q(x)
G DG |z-2z*z-2| Y Y
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Soft pole detector

o0

s =1 |

mJ(

dw w”~! i 8N wq(A)+K — P)| Mpiir |
k

We can extract the pole H(#A) = lim (A — 2)& ()
by considering A=z

. . ] 2
= ﬁeégf’:%g SSOft (= ﬁ[dzyldzyzx(yl,yz, X)(ing | (E™(yy) — SN E () — E(y) ling,)

BMS conservation charge &) — ") = - 0,P,)

1
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Soft pole detector

o0

(& \()) = ;\H

mJ(

dw w”! i 8N wq(A)+K — P)| Mpyiir |
k

We can extract the pole N (A) = lim (A — 2)& ()
by considering A=z

' 2
Opera’_cor_expre33|or_1 for M= "_[ 2y Ko 30, DO O:P.(5)
the emission of gravitons 4 22 %

Hard » Soft I
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