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Introduction

©. @)
| s £(7 E(@) = i dt m°n*Ty;(t, rit
Very quickly, what is €(1)? (n) 1m rn Oz( ,rn)
™00
0
g(’fi) — “l|dealised calorimeter” output at a solid angle labelled by 7.

Correlation functions of €(1) quantify the correlations between the average calorimeter outputs at
different points across the celestial sphere from a particular process.

They are functions of the angles between the ‘idealised’ calorimeters.



Introduction

Recap

* Correlation functions in statistics:
o Corry(X,Y) = (XY) — (XXY) (also just the covariance)
* Corr3(X,Y,Z) = (XYZ) — (X)({YZ) — Corr,(Y, Z))

* In physics we usually refer to (X; ... X;;) as an n point correlator. This is just conventional and has
origins in that often (X;) = 0.

e QFT correlators (propogators) typically are time ordered coherent sums, not energy correlators!
Energy correlators are equal time Wightman correlators. They are incoherent sums and, at the
surface level, more in common with stat correlators than time-ordered correlators.
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(E(ity) . EGY)) = Z j T, ai_ B 827, — 7)) . 82— 1)

dn]
J1--Ji

Where j index final state hadrons and gj, __;; is the inclusive cross section to produce i final state hadrons.

Observation: a function of 2i angles. A Q
Important! S
Ok, .. kl 2= = 2= = 2
(E(My) .. E(y)) = i, Ek1 i Ey 6% (ly — 7y, ) ... 6%(1; — 1)
J1--Ji !

Where k index calorimeter cells and 6y, _, is the inclusive cross section
measure energies Ey_ ... Ey. in calorimeter cells k; ... k;.
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d Oj .i — — — —
(EM(7) .. €" (1)) = j a7 » O{ﬁj Bfy - Efi 82 (1l = 1,) . 62 (7 — 71))
1 i

J1-Ji

We can raise the energies to various (necessarily integer) powers. In doing so we can gain sensitivity to
different physics, but the observable become not IRC safe. Non-perturbative input is needed.

do: .
(I = Y [ =267y - 73, )5 (i ) = (G nGi)

) (jiijl(iThb
S . J1--Ji CMS 2010, v/s=7TeV
where n(n,) is the number operator. MinBias, 1.0GeV/c<p <3.0GeV/c

R(An,AG)
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The prototypical EEC

E"(n1)En(n 1 do;; EPE?
(& ( 8% (n2)) == Z/ d'n,-dfn,- Q2’I’Lj 5@ (n; —n1)5(2)(nj —ny)
ij (G185

Where i, are final state hadrons and g;; is the inclusive cross section to produce i,j with a hard
scale Q.

We integrate out the global SO(3) symmetry to find the distribution we’re interested in.

d(ny -y — cosb)

dnm (€7 (n1)E™ (n2))
a6 _/dn”
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Important difference

observables.
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correlators

and more ‘typical’

hlized EEC

Free Hadron

~  Charged-Hadron EEC

Transition Quarks/Gluons

CMS 2011 Open Data

AKS Jets, || < 1.9

P € [500, 550] GeV +
CHS, p¥¢ > 1 GeV $1

102 TS

T
Ry,



EEC jet substructure

CMS 2010, \/s=7TeV

MinBias, 1.OGeV/c<pT<3.0GeV/c

R(An,A¢)

No jet algorithm but completely
dominated “jet physics”. The very
small angle is dominated by “jet
substructure”.

If you used a jet algorithm, the very
small angle structure does not
change.

14/02/2024

Normalized EEC

Same is true for the EEC. We
study the very small angle region
to analyse “jet substructure”. A jet
algorithm can be used but hasn’t
always been.

[IoD _
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What drives EEC jet substructure?

Energy correlators are very good at isolating parts of multiscale dynamics.

” 1
2 2

_ 2 =12
’ \(1 ) = z(1 — z)pyB° _ 0% ~ 1t "~Pexchanged
— 2)p

The angular size of a correlation often can be interpreted as a time parameter for the physics
inducing the correlations.

14/02/2024 8



What has been done™ in pp Theory?

Effectively as accurate Complete NLO (2-loops) for colour Complete LO (1-loop) for colour Tree-level

Fixed order as cross-section singlet singlet
calculations Dixon, Luo, Shtabovenko, Yang, Zhu Yang, Zhang arXiv:2402.05174
arXiv:1801.03219
N/A Small angle NNLL & NNNLL Small angle NLL Small angle NLL

Resummation

/~ Extracting EW density
matrices

Small x proton

structure
Liu, Zhu arXiv:2209.02080

Pheno <

N

*These are some highlights focusing on the small angle limit QCD. There is a lot more literature away from that limit.

Dixon, Moult, Zhu arXiv:1905.01310
Gao, Li, Moult, Zhu arXiv:2312.16408

Measuring ag
Komiske, Moult, Thaler, Zhu arXiv:2201.07800

Extracting EW density matrices
Ricci, Riembau arXiv:2207.03511

Detecting the deadcone
Craft, Lee, Mecaj, Moult arXiv:2210.09311

14/02/2024

Cheng, Moult, Zhu arXiv:2011.02492

Measuring ag
Komiske, Moult, Thaler, Zhu
arXiv:2201.07800

Measuring m;
JH, Moult, Pathak, Procura
arXiv:2201.08393

Measuring spin correlations
Cheng, Moult, Zhu arXiv:2011.02492

Karlberg, Salam, Scyboz, Verheyen
arXiv:2103.16526

Cheng, Moult, Zhu
arXiv:2011.02492

Measuring ag

Komiske, Moult, Thaler, Zhu

arXiv:2201.07800
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What has been done in AA Theory?
(EGiy) .. (1)

f No present BDMPS-Z y+jet
interest Andres, Dominguez, Elayavalli, JH, Marquet, Moult arXiv:2209.11236

Andres, Dominguez, JH, Marquet, Moult arXiv:2303.03413

Pheno/ . . :
Th Opacity Expansion y+jet
eory Andres, Dominguez, JH, Marquet, Moult arXiv:2303.03413

NP effects
Barata, Szafron arXiv:2401.04164

N

Jet and Groomed Jet
Barata, Caucal, Soto-Ontoso, Szafron arXiv:2312.12527

Deadcone study Unpublished MC Unpublished MC
Pheno < Andres, Dominguez, JH, Marquet, Moult arXiv:2307.15110 studies studies

MC study
Yang, He, Moult, Wang arXiv:2310.01500

\ See Fabio’s talk See Hannah’s talk

*Sorry if | have missed anything. Let me know and update for the future.

14/02/2024 10



Energy correlations in AA

A 4

t=0to 1 fm/cc t=1to 10 fm/c t>10 fm/c

Time

2 -1 2
6 ~ tf ~Pexchanged

Plan:
* Provide an overview of the work | have been involved in so far.

* Highlight the limitations of this work. (See Fabio’s talk for recent progress here)
* Point out possible future avenues.



Advertising

| won’t have time today to discuss our recent Hl deadcone studies.

FIG. 1: A heavy-flavor jet propagating through the QGP
forms a complicated energy pattern due to an interplay
of two characteristic angular scales: the dead-cone angle
0o and the onset angle 6,,,. These scales can be extracted
from the asymptotic energy flux using energy correlators.

2307.15110

14/02/2024

Two-Point Correlator

1
-1 R
qyg 10 0
=|© # e
107 w Bottom ® Charm ® Massless \‘\\\\‘
E=500 GeV, L=3 fm, u = 1 GeV, ny=3. fm™!
— Total ----- Vacuum
1073
-6 -5 -4 -3 -2 -1 0
In 6
Two-Point Correlator
1
10t
g |/ S
107 & Bottom ® Charm ® Massless
E=200 GeV, L=6 fm, u = 1 GeV, ny=1. fm~!
— Total ----- Vacuum
103
-5 -4 -3 -2 -1 0
In 6
Two-Point Correlator
1
Hs Pl '
] v 1071 > i R
g |-

1072 ® Bottom ® Charm ™ Massless

E=50 GeV, L=8 fm, u = 1 GeV, ny=1. fm™

— Total ----- Vacuum
-4 -3 -2 -1 0
In 6

FIG. 2: EEC of a light-quark (blue), c-quark (orange),
and b-quark (green) jet in p-p (dashed) and heavy-ion
(solid) collisions. Different panels correspond to different
jet energies and medium parameters. All curves are nor-
malised by the integrated vacuum result Y.
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Normalized EEC

10"
Free Hadron  Transition Quarks/Gluons
10_: L *w'.'— | ?
*
2 I CMS 2011 Open Data
107 AKS Jets, || < 1.9
' P € [500, 550] GeV ]
CHS, pFfC€ > 1 GeV }1
10—4 | paal A A e
-3 -2 -1 0
10 10 10 10
Ry

Computing Correlation Functions of £ ()

d(ngy -y — cosb)

Let me now set up the perturbative calculation we perform.

T

~  Charged-Hadron EEC

14/02/2024

AL [a. u.]

dNEEC
pavg

Arbitrary factor x =

T, chjet

—
o

-t

o
o

T T { S O | II
I ALICE Preliminary
L pp \s=5.02 TeV
|— Anti-k ch-particle jets, R = 0.4, mieII <0.5
L p‘T"‘ >1.0 GeV/c ol

| Transition region

[ o Peak = 2.4 GeV/c

F —— HWHM = 1.8 GeV/c
Lo +0.2 GeV/c

@
o
I~ Hadron region -
— AxR] w? -
* |
+

e (20, 40) GeV/c1
o (40, 60) GeV/c 1
e (60, 80) GeV/c]
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Computing Correlation Functions of £ ()

The configuration:

é 7/ Coﬂrdod’{ Tl
\/\e,ufl {36)1/\Q‘f( QQJ—

™
2
/N »

Andres,

Dominguez, Elayavalli, JH,
Marqguet, Moult
arXiv:2209.11236

( Andres, Dominguez, JH,

Marqguet, Moult

Q — E 5 14/02/2024 arXiv:2303.03413
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The following 6 slides are my only technical ones.



Computing Correlation Functions of £ ()

The average momentum exchange between the two correlator points goes as ~ 8@, the small angle
region (where 8Q > Aqcp) is largely determined by perturbative physics. We therefore write the
observable as a sum over inclusive partonic cross-sections:

(n) A EnET™ A E™ E™
d :l/qug ddgg 979 4 l /dEgl 7 dog, g, 9192
o 9d0dE,dE, Q> o 9> 40dE, dE,, Q"
1 ds EM E" Agep
- dE q192 q1" g2 . - O Q
+ o / q1,92 dequl qu2 QQn + (perm q < q) + ( 0 Q )

In pp collisions this is a simple application of CSS inclusive factorisation and can be convoluted with
fragmentation or track functions. We must assume this also holds in AA collisions.

Note the finite number of terms in the sum over partonic cross sections!



Computing Correlation Functions of £ ()

We now re-parameterise the medium contribution to each partonic cross section. This is not a
factorisation, just a parameterisation.

déi; (i) doj”
— (1+ F9) (B, B, 9) J
A0 E;dE; (1+ PRl (B, 5, 0) d6dE;dE;

And using this parameterisation we can now compute terms not dependent on Fn(fézl using the well

developed frameworks from pp physics (pick your favourite between the celestial OPE, SCET, or jet
calculus).

Ill show results at LO+NLL for the pp-like terms later on. NLO+NNLL is available in the literature.
This part is well understood and not the focus of my talk.



Computing Correlation Functions of £ ()

Now we must focus on the ‘medium’ terms that contain the physics intrinsic to HI collisions. So far,
we’ve not approximated anything other than assuming perturbative factorisation. Let’s introduce

some new helpful variables:

doYdc E"ET dovac

(q9) q9 qg (g9) a9 n n
E F — S F I 1 _ _ S

/d 9,9 * med dod Eqd Eg QQn /dZ d,LL med d9dzd,us < ( Z— U /Q)

where z = E,/Q and us; = Q — E; — E; > 0 is the energy scale of the radiation over which the
perturbative cross sections are inclusive.

With this parameterisation and assuming we are measuring quark jets:

. dovac  Enpmn _
2 / A1 Fol deZJdEj o / As/Q ~ 1/ G

ij€{9,9,G}

doYac L Tk Debye mass
_ (g9) ““a9 _n/1 _ _\n Hs Mg y
—/dz ) 0ds ? (1-—2) (1—1—(’)( )—l—(’)(as(ﬁQ)lnH n))




Computing Correlation Functions of £ ()

Thus we will compute our observable from the master formula:

d VaC
dez

dx® 1

=5 ] 42 (976.0) + Puea(2,)) 2

e reo()

As promised, the pp-like part at LO+NLL:

l dO;’ZC _ as(6Q) Cr 1+ (1— z)2 O(a§7 90)
o dfdz T z 0
215 (Y49(2) — Y49(3)) +Y99(2) — V44(3)

Yaq(2) = Y4q(3) + Ygq(2) — gq(3)

B(—
ENN

(A.23)

7 ‘( <f<(9%>>%?]qq+

+0 (a(@)" m(9)" 5, ) + O,

Yaa(J)s 2npvge(J), 0
where Y(J) = | v9(J);  Yg9(J), 0
07 Oa ’YQQ(J)
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Theory / Data

—_

o :
o =i o o
;.

6~p > 1.0 GeV/ic

8: ALICE Preliminary ]
[ pp Vs=5.02TeV 5
[ Anti-k; cl hpn cle jets, R=0.4 =
[ 40< p"'* <60 GeV/c 10| <05

e Data
pQCD (NLL)
— AxR,_

- AxR, / Data
pOQD (NLL) / Data -

_.
S

) is the spin-J twist-2 QCD anomalous dimension matrix.

107"
RL
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Computing Fpeq

Leading structure to study is a (quark) jet fragmenting into a jet and a subjet in the presence of a
medium.

/ o
k,
®Po D1 0
91
® \ q,1 -z
h )
1 oo
MeP = ﬁ/ . /t dt1 (2m)26) (py — k1 — q,)G5% (k, L; ey, t1; 2 )
PoP1R149; 0

X Gl (¢, Li g1, 115 (1 = 2) E) V (k1 — 2py, )T 7 G (py, 5 po, to; ) MG (B, o)
14/02/2024 20



Computing Fpeq

The formalism we use, based in BDMPS-Z:

e All particles have a large longitudinal momentum compared to their transverse momenta and therefore there
is a decoupling between transverse and longitudinal dynamics

 We work in a mixed representation with momentum coordinates in the transverse direction and “time” (+
coordinate) in the longitudinal direction.

* Multiple scatterings resumed through propagators in a background field
Dy, tl w Do, t2

E E = Gr(py,t2; D1, t1;w)

* Vacuum vertices A~ A~

k, z’ IB
D, /
\ =V (k — zp,2)T*"(2m)?6P (p — k — q)

e Background field averaged at the level of the cross section

(A" (g4, t1)A" (g, ta)) = 5°%5(ts — t1)0® (g1 — g4)v(qy)

q, (1 - z)afy



Computing Fpeq

* Full evaluation keeping z and 6 not yet achieved (isaksen, Tywoniuk arxiv:2303.12119).

Two available approximations:
e Opacity expansion (N = 1)  arxiv:1807.03799
e Unitarity problems can lead to negative cross sections.
e Recursive formulas to generate all orders (not yet implemented numerically).

 “Tilted” Wilson lines
 Resums multiple scatterings in the eikonal approximation.

* Assumes semi-hard splittings (z not too small).
* We implement this using both a Yukawa and HO potential for medium scatterings

and for now using the leading colour limit.

arXiv:1907.03653
arXiv:2107.02542
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Numerical evaluation of F,.4

Two—Point Energy Correlator
Comparing Approximations

m|% 101}
=

—

g
W 1072

10~

— Yukawa
HO g=nou*

— GLV

----- NLL Vacuum

E=100 GeV, L=5 fm, ng=2 fm~!, y=1 GeV

5

General features: an enhancement which begins above 6;, at
6 > 0; the enhancement peaks and then settles into a new

4 3

2 ~1 0

In@g

medium dependent scaling law.

Amplitudes appear model dependent.

14/02/2024

dNgee [a. u]
avg R - u.
T,chijet L

dp

Arbitrary factor x

—r
o

—

Two—Point Energy Correlator
Comparing Approximations

\ — Yukawa
1
0.6/ HO 2’
a — GLV
NS
~= o4 \ T NLL Vacuum ]
g \ E=100 GeV, L=5 fm, ny=2 fm™!, u=1 GeV
— :> A\
02}
0.0t
-5

L p'T'k >1.0 GeV/c

[ Transition region

— +0.2 GeV/c

[ Hadron region

T T | I O ) l]
I ALICE Preliminary
I pp \s =5.02 TeV
| Anti-k ch-particle jets, R = 0.4, l"je:l <05

[ Peak = 2.4 GeV/c
= HWHM = 1.8 GeV/c

ch jet

o (20, 40) GeV/c1
o (40, 60) GeV/c-
e (60, 80) GeV/c 1

P
p R, [GeV/c]

T, chjet
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Numerical evaluation of F,.4

Two—Point Energy Correlator
Comparing Approximations

1-\\
8 | \\A\
N[E 10
b 1 e NLL Vacuum
Q
_| -5 HO: =1 GeV*fm™!
= -2
N 1077 — GLV: ng=3 fm™!, u=1.4 GeV
— Yukawa: ng=1 fm™!, u=0.7 GeV
5| E=100GeV, L=5 fm
o
-5 -4 -3 -2 -1 0

Whilst amplitudes are very model dependent, the differences can be fairly well absorbed
into variation of the model parameters (not so much the wide angle though).



Numerical evaluation of F,.4

Two—Point Energy Correlator
Comparing Approximations

Controlled by 6, 1 - Controlled by (6, — 6,)
\\b %
TS 107!
S — Yukawa “*\\ \
S HO g=ng? Controlled by the large

~ 1 1021 — oLy number of scatters limit.

_____ e !3e_ha.ves as if medium is
B infinitely long and so
E=100 GeV, L=5 fm, ny=2 fm ", u=1 GeV
o3 always decoherent.
-5 -4 -3 -2 -1 0

In @ Also, where the model is

Provided E > E,. ~ §L? worst

*For the model used
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Limitations

There are many limitations to this work which prevents it from being usable for pheno. For a
thorough discussion see Andres, Dominguez, JH, Marquet, Moult arXiv:2303.03413.

* Unlikely this calculation can be compared to data (at least for a long time). Early measurements
will be on inclusive jets.

* We are using a new(ish) approximation to resum, the eikonal approx., at zeroth order. This clearly
needs improvement. Isaksen, Tywoniuk arXiv:2303.12119

* We look at y+jet so that to first order there is no quenching. To do pheno with the experimental
reality, we will need to understand how quenching interacts with the observable.

 Static medium needs replacing with a “physical” medium.



Limitations

There are many limitations to this work which prevents it from being usable for pheno. For a
thorough discussion see Andres, Dominguez, JH, Marquet, Moult arXiv:2303.03413.

[.

Unlikely this calculation can be compared to data (at least for a long time). Early measurements
will be on inclusive jets.

We are using a new(ish) approximation to resum, the eikonal approx., at zeroth order. This clearly
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We look at y+jet so that to first order there is no quenching. To do pheno with the experimental
reality, we will need to understand how quenching interacts with the observable.

Static medium needs replacing with a “physical” medium.



Computation on inclusive jets

L S B I | T L B R | T T

. Qk aw\, 3 L ALICE Preliminary i
S, L pp \s=5.02 TeV J

mJ 1.5 | Anti-k; ch-particle jets, R = 0.4, |niet| <0.5 .
‘B’ B L pY*>1.0 GeVie pehit 4
o T
/ A % & - | Transition region ® (20, 40) GeV/c
S - . Peak = 2.4 GeV/c e (40, 60) GeV/c
F =—— HWHM = 1.8 GeV/c e (60, 80) GeV/c|
- +0.2 GeV/c =

"y

RS
I Hadron region ‘ N 7
- — AxR! .
- N
-

Arbitrary factor x

0 | 1 | Il 1

g 9
p R, [GeV/c]

T, ch jet
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Computation on inclusive jets

Energy loss will now be important because of the
dependence on the JES and due to its large overall
effect on narrower jets. Quenching weights now are an
important addition to the calculation. 2307.08943

Additionally, the NP transition is a large JES dependent
feature. It will be subject to energy loss with small
knock-on effects throughout the spectrum. A model is

needed, we use a finite NP gluon mass. 0802.1870 hep-ph/9808392

dNgee
[a. u.]
avg
dp T, ch jetRL

Arbitrary factor x

—_
()]

"y

T T T T rrr I
I ALICE Preliminary
L pp \s=5.02 TeV

L p'T'k >1.0 GeV/c

" Transition region

[ sosions Peak = 2.4 GeV/c

F =—— HWHM = 1.8 GeV/c
— +0.2 GeV/c

| Anti-k; ch-particle jets, R = 0.4, |r]iet| <0.5 .

-o-ﬁ
|~ Hadron region w¢

e (20, 40) GeV/cT|
® (40, 60) GeV/c
e (60, 80) GeV/c

10
> R, [GeV/c]

T, chjet
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The NP transition

s T T T TTT l T T T | I EE PR 7 | l T
=~ - ALICE Preliminary
S, . pp \s=5.02 TeV
m—' { .5 [ Anti-k; ch-particle jets, R = 0.4, |niet| <0.5 -
8 ko - p"k > 1.0 GeV/c ch jet
w o 5 T pT
% & - " Transition region e (20, 40) GeV/c]
% [~ o Peak = 2.4 GeV/c ® (40, 60) GeV/cT
X -~ = HWHM = 1.8 GeV/c e (60, 80) GeV/c
p —
g T -y ]
§ ) b
S L E
= : >
£ 05 - -
' -
-
-
3_.,
W - o - |
1 1 | I P S | 1 ; 1 1 | S A ) 1) | 1
0 | |
1 10

™ R, [GeV/c]

T, ch jet

120]
Two-Point Energy Correlator

100!
Eﬂ) | - - nght Jet
iﬂj 80/ = = Charm Jet
g | = = Beauty Jet
s %
= I
— L
2 40"

I AKS5 Jets, |n| < 1.9
201 pr = 500-550 GeV |
%001 0005 0010 0050 0100 0.500

Ry
Notice that the NP transition looks just like a deadcone
but at a smaller angle. Perhaps a NP propagator mass
will model the transition?
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The NP transition

Why would this work. Consider an approximate functional form for the full curve.
Given the curve has two distinct limiting behaviours, a Laurent series is not sufficient. Instead, we can use a
Padé approximant:

d¥  Ync, 0"
de Y,b, 0"

The lowest order Padé with the correct boundary conditions is

dx 6
d6é by +b, 62

What is the collinear limit of the deadcone (from the massive collinear splitting function)?

ds 0
d6 0, + 02

where 0, = m/E is the deadcone angle.



Inclusive jets - see Fabio’s talk

Energy—Energy correlator on inclusive jets Energy—Energy correlator on inclusive jets
0.500} | 0.500}
/ Preliminary! Preliminary!
0.100} TN
S . . ] 000F =AM RN
» % 0.050¢ AA Eikonal + correction = % B
Lo} — ke
—| b i . . . —|b 0.050 Yukawa potential, opacity expansion
Harmonic oscillator potenetial Hvdro—dvnamical medium. R1..=0.4
0.010+  Hydro—dynamical medium, Coherent QW = y y i v et =
¥ . b In and out of plane jets, b=3.2 fm
b In and out of plane jets, b=3.2 fm i r
0.005¢ - Jet energy 150 GeV
i Jet energy 150 GeV, Rjt=0.4 1 Coherent QW
Propoglator Mass SiO_MeV 0.010¢ N.P. Gluon mass of 850 MeV
0.001 Model parameter k=1, 3 0 005_ k=051 2 3
' -5 -4 -3 ~2 —1 0 ‘ -5 ~4 -3 ~2 —1
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Inclusive jets - see Fabio’s talk

Energyl—Energy correlator on inclusive jets

2.0
I Harmonic oscillator potenetial pre“m ina ry!
1-8f Hydro—dynamical medium, Coherent QW
I In and out of plane jets, b=7.2 fm
1.6¢ Jet energy 150 GeV, Ro;=0.4
I Propogator Mass 850 MeV
% 1-4f Model parameter k =1, 3
< 1.2
< 7
1.0 -
[ \/\(\/—/—
0.8 -
0.6/
-5 ~4 -3 ~2 —1



For the future
(E(R,) ... (7))

f No present BDMPS-Z y+jet
interest Andres, Dominguez, Elayavalli, JH, Marquet, Moult arXiv:2209.11236

Andres, Dominguez, JH, Marquet, Moult arXiv:2303.03413

Pheno/ . . :
Th Opacity Expansion y+jet
eory Andres, Dominguez, JH, Marquet, Moult arXiv:2303.03413

Jet and Groomed Jet
Barata, Caucal, Soto-Ontoso, Szafron arXiv:2312.12527

Deadcone study Unpublished MC Unpublished MC
Andres, Dominguez, JH, Marquet, Moult arXiv:2307.15110 studies studies
Pheno <

MC study
Yang, He, Moult, Wang arXiv:2310.01500

N

\ ... see slide 10 See Hannah’s talk
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For the future
(E(R,) ... (7))

f No present BDMPS-Z y+jet
interest Andres, Dominguez, Elayavalli, JH, Marquet, Moult arXiv:2209.11236
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Pheno/ . . :
Th Opacity Expansion y+jet
eory Andres, Dominguez, JH, Marquet, Moult arXiv:2303.03413

Jet and Groomed Jet
Barata, Caucal, Soto-Ontoso, Szafron arXiv:2312.12527

Deadcone study Unpublished MC Unpublished MC
Andres, Dominguez, JH, Marquet, Moult arXiv:2307.15110 studies studies
Pheno <

MC study
Yang, He, Moult, Wang arXiv:2310.01500

N

\ ... see slide 10 See Hannah’s talk

-

-l

I’d like to see these columns fill out.
It is unlikely that analytical theory will take the lead here. There are many hurdles to computing this
differentially. BUT there is a very well controlled pp baseline with a lot of interesting physics. If done

carefully, this is ideal playground for experimental lead MC studies and pheno studies.
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For the future

f No present BDMPS-Z y+jet Spin correlations in Modified anomalous
interest Andres, Dominguez, Elayavalli, JH, Marquet, Moult arXiv:2209.11236 medium jets? dimensions?
Andres, Dominguez, JH, Marquet, Moult arXiv:2303.03413

Pheno/ . . :
Th Opacity Expansion y+jet
eory Andres, Dominguez, JH, Marquet, Moult arXiv:2303.03413

Jet and Groomed Jet
Barata, Caucal, Soto-Ontoso, Szafron arXiv:2312.12527

Deadcone study Unpublished MC Unpublished MC
Andres, Dominguez, JH, Marquet, Moult arXiv:2307.15110 studies studies
Pheno <

MC study
Yang, He, Moult, Wang arXiv:2310.01500

N

\ ... see slide 10 See Hannah’s talk

- J

-l

I’d like to see these columns fill out.
It is unlikely that analytical theory will take the lead here. There are many hurdles to computing this
differentially. BUT there is a very well controlled pp baseline with a lot of interesting physics. If done

carefully, this is ideal playground for experimental lead MC studies and pheno studies.
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For the future

CMS 2010, V/s=7TeV
MinBias, 1.0GeV/c<pT<3.0GeV/c

10° — —ry S—
Look outside the § 4+ Charged-Hadron EEC
—_ substructure limit? 10|
g % Free Hadron  Transition Quarks/Gluons
o« - 1, —
S i ¥
~— g +.;:*‘ *
a4 Z ,[:]' CMS 2011 Open Data
10~ _l_.Fl' AKS Jets, [t < 1.9 _
g -I-'[' P €[500,550) Gev  F
.H CHS, pFfC€ > 1 GeV :
10—4 | A o I . AR N . ..A...{-.
10 1072 107! 10°
Ry
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For the future

Energy Correlators at the

MITP Collider Frontier
SCIENTIFIC | July 8 - 19, 2024

PROGRAM

@ https://indico.mitp.uni-mainz.de/event/358

Energy Correlators at the Collider Frontier

8-19 Jul 2024
MITP - Mainz Institute for Theoretical Physics, Johannes Gutenberg University Mainz
Europe/Berlin timezone

Sl Energy-energy correlators (EECs) are powerful tools for collider QCD. They simultaneously enable precision

General Information measurements of complex collider phenomena whilst retaining strong links with highly developed techniques
o from conformal field theory and light-ray operator product expansions. The last decade has seen substantial
ARelicationibom growth in the field of EECs and the deep connections among conformal theories, jet substructure, heavy-ion
Travel Information physics and analytic QCD have just started to be explored. This scientific program aims to enable researchers
o T across these different fields to meet and elaborate concrete strategies to fully exploit the potential of the EEC

framework for collider phenomenology.

Contact @ MITP :

Some keys areas of focus include:

Dominika Barrington

¢ |dentifying new/unique phenomenological applications

¢ Developing techniques for computations of energy correlators in QCD

¢ Extending the links between EECs in conformal theories and EECs in QCD.

* Finding synergy between jet physics and heavy-ion physics within the EEC framework.

¢ |dentifying how recent EEC developments can feedback into broader collider phenomenology and Monte
Carlo generators.

1 ECCF2024@uni-mainz.de
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Jet Quenching

Do

&
X

q,l—Z

1 fo'e)
Maﬁ = —/ / dtl (27T) 5(2)(1) - kl - ql)gaal (k7L7 klatl; ZE)
2E PoP1k1g, Jto

x Gp(q,L; q1,t1; (1 — 2)E) V(ky — 2py, 2)T* P G117 (py, £ po, to; E) MY (E, po)

Where each of the in-medium propagators is of the form:

2 w [ Y _
Gr(ta, T25t1, T13w) = Drexp{;/ d§ r2(§)}Pexp{zg/ d§ AR(ﬁ,"'(f))}
1 t1 tl
Vi (ta,t15[r])

(IMPY o (Ga2 (e, L b, 113 2E)GE (a, L, s (1 — 2) E)G I (Ko, tas b, L 2F)

gTBZIB(q27t27q7L ( ) )gﬂh’y(plvtl;pOﬂSO? )gT’Y’Yz(p07t07p27t27E)>
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A (2)2Re /Oodt /Oodt A
dQdQ,  z(1—2)E2" *7" R 1 [ dialhi-b

X 5(4)((1 —2)k — 2q, L; l2,22, to;k +q — Ppsy, 2)

dahard
dQPo

X K(3)(l2,t2;l1,t1;f)2 — P1,2) Pr,(P1 — Po; t1,%0)
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Jet Quenching

BDMPS-Z

q’l —Z

q’l —Z

(GGGT)

14/02/2024
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Part N/A: Supplemental Material

. p?

Moy yos = — iy Ltigig L " at G(py, L; k1,t|2E) G(py, L; ko, t|(1 — 2)E
’y—>qd_Ee 0 ek [ (p17 y v, |Z ) (p27 y V2, |( —Z) )]ZJ
1,2

X s,s (2)k - €3 Go(k1 + ko, t|E)

g(platl;pmt()) — / e_ipl.w1+ip0.mog(f17f0)

T1,22 r(t1)=x1 E [t
Q(:E’l,a‘:’o) = / Dr exp [25 ds ’l"‘21| V(tl,to; [’I”])

(to)=z0 to
t1
V (b, to3 [r]) = P exp [z'g / dttaA—’%t,r(t))]
to

d Nmed 1

_ 2y
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Part N/A: Supplemental Material

d d vacC
Oq9 _ i(l + Fined(2,0,4, L))

dodz dodz
Lat, [ Y des to — 11 , L—1t\ ..
Fined = 2 / — / —= cos (—) CH(L,t2)C®) (tg,t1) — sin (7) CBN(L, 1)
o tr |Jy t tt it
(3) 1 T t 1 T (3) i ft2 ds n(s)[Nc(002+012)—4001]
ng (tz,tl) = N2 1 tr[V2 Vl] tr[V;) Vz] — N tI‘[VO Vl] . ng (t2,t1) —e 2/t Ne
_ —fgé(t2—t1)392(1+z2+ﬁ%—_—1)
CO (L ty) = e VIVAVIV e[V Vel — - ViV,
g;(]("z)_Ng_l I‘[l 122] r[z 2]—Nc I‘[l 1] )

1
N?

1
X (1 — 5(/]\022(1 — Z)(tz — t1)2

(tr[Vy VQTVQVJ] tr[Vng]) ~ o~ 1907 (t—t2)(t2—t1)?(1-22+32%)

t dse™ 136° [(s—t2)* (253t +t2)+62(1—z)(S—tz)(tz—t1)2])
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Hpeak/ E*

Coherence from Two—Point Correlations

BDMPS-Z, H.O. & Wilson lines

a=-2
— DC — PC

g=15 GeV23fm™!, L=5 fm

110°

110*
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E (GeV)
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Hpeak/ E*
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gpeak/ E¢
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Numerical evaluation of F,.4

Harmonic Oscillator Coherence Sweep

— DC global fit: E < gL?
— PC global fit: E > gL*
4=1.5 GeV*fm™!, L=5 fm, a=0
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— DC global fit: E < gL?
— PC global fit: E > gL?
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e

— DC global fit: E < gL?
— PC global fit: E > gL?
4=1.5 GeV*fm™!, L=5 fm, a=1
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~ 05
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%D. — DC global fit: E < gL?
04 — PC global fit: E > gL? |
4=1.5 GeV*fm™', L=5 fm, a=0.5
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0.135 — PC global fit: E > L2
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Numerical evaluation

0.24

peak/ E?
=)
[\)
S

Yukawa Potential Coherence Sweep

—

— DC global fit: E < gL?

— PC global fit: E > gL?
p=1GeV, pu=25 fm™!, L=5 fm, a=0
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— DC global fit: E < gL?

— PC global fit: E » gL?
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