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HIGH-ENERGY SCATTERING 
AND HADRONIZATION

Hard scattering at distance ∼
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Q∼

1
Q
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Radiative corrections  and  
collinear / soft parton splittings
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Confinement at distance ∼
1

ΛQCD

Lund string model with  
linear potential between “color partners”

string tension
Peter Skands 2022
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String breaking to hadrons dynamics

4



Kyle Lee /35

HIGH-ENERGY SCATTERING 
AND HADRONIZATION

5

Quarks and Gluons
Theory of Pions
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Primordial fluctuationsW
hat cosmic history gave rise to primordial fluctuations?
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HIGH-ENERGY SCATTERING 
AND HADRONIZATION

•What is the matching procedure between  
the space of UV and IR detectors?

•What is the Light-Ray OPE structure of 
general correlators?

•What are interesting IR detector correlators?
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See also the two beautiful talks by  
Cyuan-Han and Hao yesterday

•What confinement dynamics can generalized 
correlators teach us about?

Generalized Detector Correlators
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Outline.

-  Detector Functions : mapping between IR and UV 
detectors

- Operator Product Expansion (OPE)  
of  generalized detectors

-Applications

- Generalized detectors

-Nonperturbative Power Corrections



Kyle Lee /35

ANEC / ENERGY FLOW OPERATOR
Energy Flow Operators
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Basham, Brown, Ellis, Love, `78-79
Sveshnikov, Tkachov, `95

Korchemsky, Sterman, `01
Bauer, Fleming, Lee, Sterman `08

Sterman `75
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Chen, Moult, Zhang, Zhu `20
•Energy flow operator forms a very natural object to organize IRC safe asymptotic observables 
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•Many formal and phenomenological studies of ANEC exists
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CONFINEMENT MAGIC AND DETECTORS
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MAGIC

•QCD is gapped and there are many more general detectors which can probe the confinement magic!
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Ehad,B1

<latexit sha1_base64="VaDGF6CuYd1prv6ODEnMpYWqsqs=">AAACLnicbVDLSgMxFM3UV62vVpdugkVwVWZEqsuiCC4r2Ae0Y8lkMm1oHkOSEcvQ/3CrX+DXCC7ErZ9hpp2FbT0QOJz7OjlBzKg2rvvpFNbWNza3itulnd29/YNy5bCtZaIwaWHJpOoGSBNGBWkZahjpxoogHjDSCcY3Wb3zRJSmUjyYSUx8joaCRhQjY6XH20HaVxzGSBkppoNy1a25M8BV4uWkCnI0BxWn1A8lTjgRBjOkdc9zY+Ondh3FjExL/USTGOExGpKepQJxov10ZnsKT60Swkgq+4SBM/XvRIq41hMe2E6OzEgv1zLx39rz/MCCFursyKIW8CWHJrryUyrixBCB5wajhEEjYZYdDKki2LCJJQgrav8I8QgphI1NuGTT85azWiXt85pXr9XvL6qN6zzHIjgGJ+AMeOASNMAdaIIWwECBF/AK3px358P5cr7nrQUnnzkCC3B+fgHGualM</latexit>

Eparton

<latexit sha1_base64="YXCfv2hNx9Kda6YEn7fiZrCtZiQ=">AAACPnicbZDNSgMxEMez9avWr1aPeggWwVPZFalehKIIHivYD2iXJZtN29AkuyRZsSx78Wm86hP4Gr6AN/Hq0Wy7B9s6EPjzm5nMzN+PGFXatj+swsrq2vpGcbO0tb2zu1eu7LdVGEtMWjhkoez6SBFGBWlpqhnpRpIg7jPS8cc3Wb7zSKSioXjQk4i4HA0FHVCMtEFe+ejWS/qSwwhJHYoUXsEcjFCQeuWqXbOnAZeFk4sqyKPpVaxSPwhxzInQmCGleo4daTcxn1PMSFrqx4pECI/RkPSMFIgT5SbTM1J4YkgAB6E0T2g4pX87EsSVmnDfVHKkR2oxl8F/c0+zAXMsUNmQeebzhQ314NJNqIhiTQSeLTiIGdQhzLyEAZUEazYxAmFJzY0Qj5BEWBvHS8Y9Z9GrZdE+qzn1Wv3+vNq4zn0sgkNwDE6BAy5AA9yBJmgBDJ7BC3gFb9a79Wl9Wd+z0oKV9xyAubB+fgHEqK6q</latexit>

Eparton = Ehad
<latexit sha1_base64="oLWt7l2Gpg1M2g9eAlaV0wpJQGI="></latexit>

Eparton = Ehad 6= Ehad,Red, Ehad,Blue
<latexit sha1_base64="4xAtXwH7J9pJVRIvrItiFcoOVbs="></latexit>

En
parton 6=

X

i

En
had,i, n 6= 1

<latexit sha1_base64="N2kO6zaTVv5EGQlKo03sUj7l6wo=">AAACWnicbVHLSgMxFE3Hd+ujPnZugkVwIWVGpLr0geBSwVbBliGTudMGk5khuSOWYfZ+jVv9FcGPMdN2YVsvBE7Oua+cBKkUBl33u+IsLC4tr6yuVWvrG5tb9e2djkkyzaHNE5nop4AZkCKGNgqU8JRqYCqQ8Bi8XJf64ytoI5L4AYcp9BTrxyISnKGl/PpBF+ENR31yDWGR3/h53tWKDlhYHF/6XlH49YbbdEdB54E3AQ0yiTt/u0K7YcIzBTFyyYx59twUeznTKLiEotrNDKSMv7A+PFsYMwWml4+WKOihZUIaJdqeGOmI/VuRM2XMUAU2UzEcmFmtJP/V3sYDprjQlEOmuUBN38tO2kRmZm+Mznu5iNMMIebjtaNMUkxo6TMNhQaOcmgB41rYl1M+YJpxtL9RtZ56sw7Og85J02s1W/enjYuriburZJ8ckCPikTNyQW7JHWkTTt7JB/kkX5Ufx3HWnNo41alManbJVDh7vynpt6U=</latexit>

Ehad,A1

<latexit sha1_base64="dme0E9mhrW7BZyRmZXRKVOuuto8=">AAACWnicbVHLSgMxFE3Hd3216s5NsAgupMwUqS59ILhUsCrYMmQyd9rQZGZI7ohlmL1f41Z/RfBjzLRd2OqFwMk595WTIJXCoOt+VZyFxaXlldW16vrG5tZ2rb7zYJJMc+jwRCb6KWAGpIihgwIlPKUamAokPAbDq1J/fAFtRBLf4yiFnmL9WESCM7SUXzvoIrziuE+uISzyaz/Pu1rRAQuL4wu/VRR+reE23XHQv8CbggaZxq1fr9BumPBMQYxcMmOePTfFXs40Ci6hqHYzAynjQ9aHZwtjpsD08vESBT20TEijRNsTIx2zvytypowZqcBmKoYDM6+V5L/a62TADBeacsgsF6jZe9lJm8jM7Y3RWS8XcZohxHyydpRJigktfaah0MBRjixgXAv7csoHTDOO9jeq1lNv3sG/4KHV9NrN9t1J4/xy6u4q2ScH5Ih45JSckxtySzqEkzfyTj7IZ+XbcZw1Z32S6lSmNbtkJpy9Hyu+t6Y=</latexit>

Ehad,A2

<latexit sha1_base64="SMoymvrs2qiuL8Mkx3Xp+W7XAaI="></latexit>

Ehad,B2

<latexit sha1_base64="44Ju+wz6izzTWHYn32u8Gs2XiPU="></latexit>

Ehad,B3

<latexit sha1_base64="41nelzU7eq8dqxO8HDDZZJUmduM="></latexit>

Ehad,A , Ehad,B

8



Kyle Lee /35

SEEING THROUGH THE CONFINEMENT SCREEN
From Cyuan-Han and Hao’s talk yesterday Chang, Chen, Simmons-Duffin, Zhu `25

<latexit sha1_base64="VfSvzIFHDfuMP6eBx2mTbwN5Wok="></latexit>

NJL(~n)
Cyuan-Han and Hao 
called it 

<latexit sha1_base64="RGdb8E+3BFLwrHJtAw+ZAyGtWyg="></latexit>

h |OR
JL

(~n)| i
<latexit sha1_base64="FD4SskCM/ecSUAG2i2F7wgTNm/Y="></latexit>

O
R
JL

(~n)|Xi =
X

i2R⇢X

E(2�d�JL)
i |Xi

•Lorentz Spin  encodes Lorentz spin of the IR detectorJL

•Study of 1-point correlation function of general detector  
of the form

<latexit sha1_base64="Ky6AJZkZNi5o1E5GoGspgDbW8io="></latexit>

h |OR1
JL1

(~n1) · · ·ORN
JLN

(~nN )| i
•We want to study

 This introduces angular scale, ⟹ ⃗n i ⋅ ⃗n j =
1 − cos θij

2

9

https://inspirehep.net/literature/2932054


Kyle Lee /35

CORRELATORS OF ANEC / ENERGY FLOW OPERATOR

• Leading contribution of energy correlators “insensitive” to IR dynamics in the pre-confinement region
Chen, Moult, Zhang, Zhu `20

•Energy flow operator forms a very natural object to organize IRC safe asymptotic observables 
             

<latexit sha1_base64="CELjBL+Wi1zqKyHXfV2KpH4hLOI=">AAACUHicbVHLSgMxFL1TX7W+Wt0IboJFcGOZEVE3QtGNywr2AZ1SMmmmDWYeJHfEOtSvcasf484/caeZtoJtvRBycs5N7r0nXiyFRtv+tHJLyyura/n1wsbm1vZOsbTb0FGiGK+zSEaq5VHNpQh5HQVK3ooVp4EnedN7uMn05iNXWkThPQ5j3gloPxS+YBQN1S3uP1+5vqIsdU5cFmkXBxzpKD0ddYtlu2KPgywCZwrKMI1at2QRtxexJOAhMkm1bjt2jJ2UKhRM8lHBTTSPKXugfd42MKQB1510PMKIHBmmR/xImRUiGbN/b6Q00HoYeCYzoDjQ81pG/qs9TQrMcD2dFZnlvGD2nL2ktK/n+kb/spOKME6Qh2zStp9IghHJ3CU9oThDOTSAMiXM5IQNqPEXzR8UjKfOvIOLoHFacc4r53dn5er11N08HMAhHIMDF1CFW6hBHRi8wCu8wbv1YX1Z3zlrkvq7wx7MRK7wA7SetP0=</latexit>

z =
1� cos ✓

2

<latexit sha1_base64="wO26O9Jcz1iXTK50XBgnBvOTPR0=">AAACWnicbVHLSsNAFJ3EVx8+WnXnZmgRXJVEpLosunFZwT6gCWUymbRDZ5IwMxFryN6vcau/IvgxTposbOuFgXPPfZ/xYkalsqxvw9zZ3ds/qFRr9cOj45NG83Qoo0RgMsARi8TYQ5IwGpKBooqRcSwI4h4jI2/xkMdHL0RIGoXPahkTl6NZSAOKkdLUtNFyAoFwamepI+mMo6zw/dJL/bds2mhbHWtlcBvYJWiD0vrTpgEdP8IJJ6HCDEk5sa1YuSkSimJGspqTSBIjvEAzMtEwRJxIN10dk8FLzfgwiIR+oYIr9m9FiriUS+7pTI7UXG7GcvLf2GsxYI3zZT5knfP4up93EjKQG3ur4M5NaRgnioS4WDtIGFQRzHWGPhUEK7bUAGFB9eUQz5HWVunfqGlN7U0Ft8HwumN3O92nm3bvvlS3Ai5AC1wBG9yCHngEfTAAGLyDD/AJvowf0zSrZr1INY2y5gysmXn+CzxruD4=</latexit>

1

�

d�

dz

<latexit sha1_base64="9LaCF8ivrfamu/8EwucnKC4uFDY="></latexit>

h |E (~n1) E (~n2) | i

<latexit sha1_base64="tOCA8Lp9T8xpAridd5pDwwQXQ4I="></latexit>

E(~n) = O�3(~n)

<latexit sha1_base64="4yzEjzWhAkrUQsTgCVvTgd7eL7E="></latexit>

Q
p
z

• Correlation introduces  
angular scale:

•Small angle regions:

<latexit sha1_base64="qqIAce967R663d3RwfEeLJvPapE="></latexit>

⇤QCD ⌧ Q
p
z ⌧ Q

<latexit sha1_base64="XUuqmi4trQvlCr5Be2xn/66gKQA="></latexit>

⇤QCD ⇠ Q
p
z ⌧ Qconfinement:

KL, Stewart `25  
Chang, Chen, Liu, Simmons-Duffin, Yuan, Zhu `25

(Will discuss subleading contribution sensitive to  later)ΛQCD

pre-confinement:

10

Electron-Positron 
Alliance Collab `25



Kyle Lee /35

CORRELATORS OF ANEC / ENERGY FLOW OPERATOR

•We will study multi-point general detector correlators of the form, with largest angle  projectedxL

in the pre-confinement region
<latexit sha1_base64="rozgbwBMCRmlMbcvX1rATKt0Oqs="></latexit>

⇤QCD ⌧ Q
p
xL ⌧ Q

<latexit sha1_base64="FuyMrT6ZenFlSM8jmKN1tx35z5g="></latexit>

h |OR1
JL1

(~n1) · · ·ORN
JLN

(~nN ) | ixL ⌘
Z Y

d⌦ih |OR1
JL1

(~n1) · · ·ORN
JLN

(~nN ) | iδ(xL − max[zij])

11



Kyle Lee /35

CORRELATORS OF ANEC / ENERGY FLOW OPERATOR

•We will study multi-point general detector correlators of the form, with largest angle  projectedxL

in the pre-confinement region
<latexit sha1_base64="rozgbwBMCRmlMbcvX1rATKt0Oqs="></latexit>

⇤QCD ⌧ Q
p
xL ⌧ Q

 measurement for N=3 detectors : xL

<latexit sha1_base64="FuyMrT6ZenFlSM8jmKN1tx35z5g="></latexit>

h |OR1
JL1

(~n1) · · ·ORN
JLN

(~nN ) | ixL ⌘
Z Y

d⌦ih |OR1
JL1

(~n1) · · ·ORN
JLN

(~nN ) | iδ(xL − max[zij])

<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL
<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL

<latexit sha1_base64="b+4+nyxe7p2zT0V9gTdtPaAiR/Q="></latexit>

�(xL)

We can get contributions from various detector configurations.

11



Kyle Lee /35

CORRELATORS OF ANEC / ENERGY FLOW OPERATOR

•We will study multi-point general detector correlators of the form, with largest angle  projectedxL

in the pre-confinement region
<latexit sha1_base64="rozgbwBMCRmlMbcvX1rATKt0Oqs="></latexit>

⇤QCD ⌧ Q
p
xL ⌧ Q

 measurement for N=3 detectors : xL

<latexit sha1_base64="FuyMrT6ZenFlSM8jmKN1tx35z5g="></latexit>

h |OR1
JL1

(~n1) · · ·ORN
JLN

(~nN ) | ixL ⌘
Z Y

d⌦ih |OR1
JL1

(~n1) · · ·ORN
JLN

(~nN ) | iδ(xL − max[zij])

<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL
<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL

<latexit sha1_base64="b+4+nyxe7p2zT0V9gTdtPaAiR/Q="></latexit>

�(xL)

We can get contributions from various detector configurations. 
Delta function becomes important when we include additional detector.

11



Outline.

-  Detector Functions : mapping between IR and UV 
detectors

- Operator Product Expansion (OPE)  
of  generalized detectors

-Applications

- Generalized detectors

-Nonperturbative Power Corrections



Kyle Lee

DETECTOR FUNCTIONS
12 /35

•Detector functions are Wilson coefficients between IR and UV 
detectors

•Lorentz Spin  encodes Lorentz spin of the IR detectorJL

IR detector UV detector

Detector  
(matching)  
function

<latexit sha1_base64="AsRp5n+kvF6iSje686xjx7pTIgU="></latexit>

NJL(~n) '
X

k

Ck (JL, µ)DJL,k(~n;µ)

IR theories  
of pions

Quarks and gluons

<latexit sha1_base64="BrXRYIIK8qqpkVMHKjDoGzhDKD8="></latexit>

O
R
JL

(~n)

(Cyuan-Han and Hao’s talk)

<latexit sha1_base64="MCnvQsUtWWzxz0ygsMDDuUzaaL4="></latexit>

CR
JL,k(µ)

<latexit sha1_base64="sdNrg8RYYwJonY03LhEgLoMXiDA="></latexit>

DJL,k(~n, µ)



Kyle Lee

DETECTOR FUNCTIONS
•Detector functions are Wilson coefficients between IR and UV 
detectors

13 /35

• Lorentz Spin  encodes Lorentz spin of the IR detectorJL

IR detector UV detector

Detector  
(matching)  
function

<latexit sha1_base64="BrXRYIIK8qqpkVMHKjDoGzhDKD8="></latexit>

O
R
JL

(~n)

<latexit sha1_base64="CofIfxTs3PI6a3AbUZpmC9Vj5oo="></latexit>

F JL
gR (µ)DJLg(~n, µ)

*pure YM

twist-2 gluon DGLAP detector

<latexit sha1_base64="i3nH2fHvqQkGL/br7t532YmDl8c="></latexit>

+ · · ·

<latexit sha1_base64="AsRp5n+kvF6iSje686xjx7pTIgU="></latexit>

NJL(~n) '
X

k

Ck (JL, µ)DJL,k(~n;µ)
<latexit sha1_base64="MCnvQsUtWWzxz0ygsMDDuUzaaL4="></latexit>

CR
JL,k(µ)

<latexit sha1_base64="sdNrg8RYYwJonY03LhEgLoMXiDA="></latexit>

DJL,k(~n, µ)
<latexit sha1_base64="0iHzTjemkF3h/QscauXCZM8yC3A="></latexit>=

<latexit sha1_base64="0iHzTjemkF3h/QscauXCZM8yC3A="></latexit>=



Kyle Lee

SINGLE HADRON FRAGMENTATION FUNCTIONS
•Detector functions are Wilson coefficients between IR and UV 
detectors. Physically, they transform gluon state to pion states 

/35

IR detector UV detector

Detector  
(matching)  
function

<latexit sha1_base64="AsRp5n+kvF6iSje686xjx7pTIgU="></latexit>

NJL(~n) '
X

k

Ck (JL, µ)DJL,k(~n;µ)

Quarks and gluons

<latexit sha1_base64="BrXRYIIK8qqpkVMHKjDoGzhDKD8="></latexit>

O
R
JL

(~n)
<latexit sha1_base64="CofIfxTs3PI6a3AbUZpmC9Vj5oo="></latexit>

F JL
gR (µ)DJLg(~n, µ)

IR theories  
of pions

*pure YM

<latexit sha1_base64="evdugtdv/orMr7cpVFJBP2tjxhc="></latexit>

Dg!h(z) = � 1

(d� 2) (N2
c � 1) p�h

Z
dy+

2(2⇡)
eik

�y+/2
X

X

h0|Ga
��

�
y+, 0, y?

�
|XhihXh|G�,a

� (0)|0i

<latexit sha1_base64="LH8fe1H/3eaqpr8TviMezlJjl8o="></latexit>

F JL
gR (µ) =

X

h2R

Z 1

0
dzz2�d�JLDg!h(z, µ)

∼ ⟨g |πX⟩⟨πX |g⟩

• Single Hadron Fragmentation functions  describes the energy fraction  distribution of  

a hadron  produced from :

Dg→h(z) z
h g

• Detector function for a single detector is a moment of such single hadron fragmentation function

h

14



Kyle Lee

PRODUCT OF IR DETECTOR OPERATORS

/35

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="rozgbwBMCRmlMbcvX1rATKt0Oqs="></latexit>

⇤QCD ⌧ Q
p
xL ⌧ Q

<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL <latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)
<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="b+4+nyxe7p2zT0V9gTdtPaAiR/Q="></latexit>

�(xL)

Now consider in the region

2)Separately match each                  
to UV detectors, then perform 
the light-ray OPE

<latexit sha1_base64="9G+tNxxQYYxRFXNGqGo16fP2QAM="></latexit>

O
Ri
JLi

(~ni)1) This is in the limit , where from the UV 
detector perspective cannot resolve in the region  
we consider. Must match two detectors together.

⃗n 1 → ⃗n 2

15



Kyle Lee

PRODUCT OF IR DETECTOR OPERATORS

15 /35

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="rozgbwBMCRmlMbcvX1rATKt0Oqs="></latexit>

⇤QCD ⌧ Q
p
xL ⌧ Q

<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL <latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)
<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="b+4+nyxe7p2zT0V9gTdtPaAiR/Q="></latexit>

�(xL)

Now consider in the region

Such contact term becomes important at three-point.

This is in the limit , where from the UV 
detector perspective cannot resolve in the region  
we consider. Must match two detectors together.

⃗n 1 → ⃗n 22)Separately match each                  
to UV detectors, then perform 
the light-ray OPE

<latexit sha1_base64="9G+tNxxQYYxRFXNGqGo16fP2QAM="></latexit>

O
Ri
JLi

(~ni)1)



Kyle Lee

PRODUCT OF IR DETECTOR OPERATORS

16/35

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="rozgbwBMCRmlMbcvX1rATKt0Oqs="></latexit>

⇤QCD ⌧ Q
p
xL ⌧ Q

<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL

Now consider

<latexit sha1_base64="4oxNckgfx+ErUZDlfE8XkRQX55w="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2) = F
JL1
gR1

(µ)F
JL2
gR2

(µ)DJL1g
(~n1, µ)DJL2g

(~n2, µ) + · · ·

Separately match each                  
to UV detectors, then perform 
the light-ray OPE

<latexit sha1_base64="9G+tNxxQYYxRFXNGqGo16fP2QAM="></latexit>

O
Ri
JLi

(~ni)1)

in the region
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<latexit sha1_base64="4oxNckgfx+ErUZDlfE8XkRQX55w="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2) = F
JL1
gR1

(µ)F
JL2
gR2

(µ)DJL1g
(~n1, µ)DJL2g

(~n2, µ) + · · ·

<latexit sha1_base64="lhrWFlqTQ4CP5a4enoZesA0XKHc="></latexit>

= F
JL1
gR1

(µ)F
JL2
gR2

(µ)
X

JL3

C(JL3 , xL, µ)D
JL3
�L3

(~n, µ)

⇡ F
JL1
gR1

(µ)F
JL2
gR2

(µ)C(JL3 , xL, µ)D
JL3
g (~n, µ)

<latexit sha1_base64="ndNE0IqycSgOMMr5Aonf8n68rjs="></latexit>

+�(xL)

✓
F

JL1 ,JL2
gR (µ)DJL1+JL2�2

g + F
JL1+JL2�2
gR (µ)DJL1+JL2�2

g

◆

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL
<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)
<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="b+4+nyxe7p2zT0V9gTdtPaAiR/Q="></latexit>

�(xL)

+

Not important for finite  measurement  
at two-point

xLScaling given by UV detector of spin
J3 = − 3 − JL1

− JL2
− 2γT(−1 − JL1

) − 2γT(−1 − JL2
)

For  (energy flow), 

, reproducing well-known ANEC case.

JL1
= JL2

= − 3
FJL

g = 1,γT = 0
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<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL
<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL

<latexit sha1_base64="b+4+nyxe7p2zT0V9gTdtPaAiR/Q="></latexit>

�(xL)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)
<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

Now consider three detectors case:
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<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL
<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL

<latexit sha1_base64="b+4+nyxe7p2zT0V9gTdtPaAiR/Q="></latexit>

�(xL)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)
<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

Now consider three detectors case:

We match each IR detector separate then OPE the UV detectors. 
Fix the cross-ratio to fix the shape and consider how its size parameterized by  scalesxL
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<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL
<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL

<latexit sha1_base64="b+4+nyxe7p2zT0V9gTdtPaAiR/Q="></latexit>

�(xL)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)
<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

Now consider three detectors case:

+

Take the contact term from the two-point case then take an additional detector separately matched. 
Then OPE the UV detectors
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<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL
<latexit sha1_base64="HxvFjD6U2xb3M04rV5StvTLPHv4="></latexit>xL

<latexit sha1_base64="b+4+nyxe7p2zT0V9gTdtPaAiR/Q="></latexit>

�(xL)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)

<latexit sha1_base64="hEPwHYMLEh9OQo3MG9pIIghACIo="></latexit>

O
R1
JL1

(~n1)O
R2
JL2

(~n2)
<latexit sha1_base64="vbw9kmvkjVRzscJILzsf+ak89eY="></latexit>

O
R
JL3

(~n3)

Now consider three detectors case:

++

New contact term that becomes important contribution at four-point measurements. 
Sensitive to tri-hadron fragmentation function as the matching between partonic and hadronic 
detectors!

23
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<latexit sha1_base64="sZ/b3xFdBq4SGxljzIqyP+jG3NY=">AAACYHicbVHLTsJAFB3qC/EB6E43E4kJK9Iagi6JblxiIo8ECJlOpzBxpm1mbo2k6S/4NW71P9z6JU5pFwLeZJJzz32fcSPBNdj2d8na2d3bPygfVo6OT06rtfrZQIexoqxPQxGqkUs0EzxgfeAg2ChSjEhXsKH78pDFh69MaR4Gz7CM2FSSecB9TgkYalZrtie+IjRx0mSi+VySNPe9wjMAFgxIOqs17Ja9MrwNnAI0UGG9Wb2EJ15IY8kCoIJoPXbsCKYJUcCpYGllEmsWEfpC5mxsYEAk09NkdVKKrw3jYT9U5gWAV+zfioRIrZfSNZmSwEJvxjLy39hbPmCN83Q2ZJ1z5bqfdVLa1xt7g383TXgQxcACmq/txwJDiDO1sccVoyCWBhCquLkc0wUxAoP5k4rR1NlUcBsMblpOp9V5aje694W6ZXSJrlATOegWddEj6qE+ougdfaBP9FX6scpW1arnqVapqDlHa2Zd/AJmRLqm</latexit>

4
1

�

d�

d✓

<latexit sha1_base64="eZVIkt/zEyc5mpodF87kxIcOwAw=">AAACTHicbVDLSgMxFM3Ud33Vx85NsAi6KTMi6lJ041LB2kJbyp1MxgaTzJDcEevQf3GrH+Pe/3Angpm2C9t6IXByzr25JydMpbDo+59eaW5+YXFpeaW8ura+sVnZ2r63SWYYr7NEJqYZguVSaF5HgZI3U8NBhZI3wserQm88cWNFou+wn/KOggctYsEAHdWt7LaxxxEO20blBiIB2g6OupWqX/OHRWdBMAZVMq6b7pZH21HCMsU1MgnWtgI/xU4OBgWTfFBuZ5anwB7hgbcc1KC47eRD+wN64JiIxolxRyMdsn8nclDW9lXoOhVgz05rBfmv9jxaMMFFtlgyyYVq8l68ZGxsp3xjfN7JhU4z5JqNbMeZpJjQIlkaCcMZyr4DwIxwP6esBwYYuvzLLtNgOsFZcH9cC05rp7cn1YvLcbrLZI/sk0MSkDNyQa7JDakTRl7IK3kj796H9+V9ez+j1pI3ntkhE1Va/AWOT7Rq</latexit>

✓(radians)

<latexit sha1_base64="JsHLbxANXX9rwYz7nu+VFZmJcUM=">AAACTHicbVDLSgMxFM1UrbW+WnXnJlgEV2VGpLosCuLOCrYV2qFkMnfa0MyDJCOtQ//FrX6Me//DnQhm2lk4rQcCJ+fcm3tznIgzqUzz0yisrW8UN0tb5e2d3b39SvWgI8NYUGjTkIfiySESOAugrZji8BQJIL7DoeuMb1K/+wxCsjB4VNMIbJ8MA+YxSpSWBpWjvoKJ7ktu2QRcfC9cELNBpWbWzTnwKrEyUkMZWoOqgftuSGMfAkU5kbJnmZGyEyIUoxxm5X4sISJ0TIbQ0zQgPkg7ma8/w6dacbEXCn0Chefq346E+FJOfUdX+kSN5LKXiv96k8WAnObKdEhec/z8PX1JSE8u7a28KzthQRQrCOhibS/mWIU4TRa7TABVfKoJoYLpn2M6IoJQpfMv60yt5QRXSee8bjXqjYeLWvM6S7eEjtEJOkMWukRNdIdaqI0oekGv6A29Gx/Gl/Ft/CxKC0bWc4hyKBR/Ad0VtJQ=</latexit>

Fixed Order
<latexit sha1_base64="t001Odyf4PdE4MyfGP8dudBLyKQ=">AAACS3icbZDNSgMxEMez1WqtX609egkWwVPZFakeiyJ4s4L9gHYp2XS2Dc1+kGSly9Jn8aoP4wP4HN7Eg9l2D27rQOCf38xkJn8n5Ewq0/w0ClvbxZ3d0l55/+Dw6LhSPenKIBIUOjTggeg7RAJnPnQUUxz6oQDiORx6zuwuzfdeQEgW+M8qDsH2yMRnLqNEaTSq1IYK5roveWzfYwETDRejSt1smMvAm8LKRB1l0R5VDTwcBzTywFeUEykHlhkqOyFCMcphUR5GEkJCZ2QCAy194oG0k+X2C3yuyRi7gdDHV3hJ/3YkxJMy9hxd6RE1leu5FP6bm68G5NhYpkPyzPHy9/QlIV25trdyb+yE+WGkwKertd2IYxXg1Fg8ZgKo4rEWhAqmf47plAhClba/rD211h3cFN3LhtVsNJ+u6q3bzN0SOkVn6AJZ6Bq10ANqow6iKEav6A29Gx/Gl/Ft/KxKC0bWU0O5KBR/Ab1OtAY=</latexit>

OPE region

<latexit sha1_base64="HWVFgT1qYEhSQbvbTFo4uvoifMc=">AAACS3icbZBNS8MwGMfT6XTOt80dvQSH4Gm0ItPj0IvHCXuDrYw0TbewJC1JKitln8Wrfhg/gJ/Dm3gw3Xqw0wcC//yeV/5exKjStv1hlXZ2y3v7lYPq4dHxyWmtfjZQYSwx6eOQhXLkIUUYFaSvqWZkFEmCuMfI0Fs8ZPnhM5GKhqKnk4i4HM0EDShG2qBprTHRZGn60p5EQtEMrqa1pt2y1wH/CicXTZBHd1q34MQPccyJ0JghpcaOHWk3RVJTzMiqOokViRBeoBkZGykQJ8pN19ev4KUhPgxCaZ7QcE1/d6SIK5Vwz1RypOdqO5fBf3PLzYIC81W2pMg8Xvxnk6QK1NbdOrhzUyqiWBOBN2cHMYM6hJmx0KeSYM0SIxCWxkkM8RxJhLWxv2o8dbYd/CsG1y2n3Wo/3TQ797m7FXAOLsAVcMAt6IBH0AV9gEECXsAreLPerU/ry/relJasvKcBClEq/wDrarSp</latexit>

Transition

<latexit sha1_base64="QEvvCnvRfpIuu3YmTUXAR5I3txc=">AAACTXicbVFNSwMxEM3Wj9b61SqevASL4KnsilSPRUE8VrAf0JaSzc62wWx2SbLSsvTHeNUf49kf4k3EbLsHt3Ug8PJm3szkxY04U9q2P63CxubWdrG0U97d2z84rFSPOiqMJYU2DXkoey5RwJmAtmaaQy+SQAKXQ9d9vkvz3ReQioXiSc8iGAZkLJjPKNGGGlVOBhqmRpfcSwA8IZ4MhZqPKjW7bi8CrwMnAzWURWtUtfDAC2kcgNCUE6X6jh3pYUKkZpTDvDyIFUSEPpMx9A0UJAA1TBb7z/G5YTzsh9IcofGC/atISKDULHBNZUD0RK3mUvLf3HQ5IMd5Kh2S59wgf087SeWrlb21fzNMmIhiDYIu1/ZjjnWIU2uxxyRQzWcGECqZeTmmEyIJ1eYDysZTZ9XBddC5rDuNeuPxqta8zdwtoVN0hi6Qg65REz2gFmojihL0it7Qu/VhfVnf1s+ytGBlmmOUi0LxF/0ktSM=</latexit> Fr
ee

ha
dr
on

s
<latexit sha1_base64="9LaCF8ivrfamu/8EwucnKC4uFDY="></latexit>

h |E (~n1) E (~n2) | i

Perturbative, 1/xL ∼ 1/θ2

Perturbative + NP

NP: 1/x3/2
L ∼ 1/θ3

In EEC, the leading nonperturbative power correction that goes as  introduces  

mass-dimension and has a different angular scaling  relative to the leading perturbative contributions.

∼ ΛQCD

1/x
3
2
L

Chen, Monni, Xu, Zhu `24
KL, Pathak, Stewart, Sun `24

<latexit sha1_base64="J9UzI/0HArYziM8nDXBWDwK12d0="></latexit>

lim
n1!n2

E (n1) E (n2) = C(xL)O
JL⇡�4 (n2) + ⇤QCD D(xL)O

JL⇡�3 (n2) + · · ·
∼ 1/xL ∼ 1/x3/2

L
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<latexit sha1_base64="sZ/b3xFdBq4SGxljzIqyP+jG3NY=">AAACYHicbVHLTsJAFB3qC/EB6E43E4kJK9Iagi6JblxiIo8ECJlOpzBxpm1mbo2k6S/4NW71P9z6JU5pFwLeZJJzz32fcSPBNdj2d8na2d3bPygfVo6OT06rtfrZQIexoqxPQxGqkUs0EzxgfeAg2ChSjEhXsKH78pDFh69MaR4Gz7CM2FSSecB9TgkYalZrtie+IjRx0mSi+VySNPe9wjMAFgxIOqs17Ja9MrwNnAI0UGG9Wb2EJ15IY8kCoIJoPXbsCKYJUcCpYGllEmsWEfpC5mxsYEAk09NkdVKKrw3jYT9U5gWAV+zfioRIrZfSNZmSwEJvxjLy39hbPmCN83Q2ZJ1z5bqfdVLa1xt7g383TXgQxcACmq/txwJDiDO1sccVoyCWBhCquLkc0wUxAoP5k4rR1NlUcBsMblpOp9V5aje694W6ZXSJrlATOegWddEj6qE+ougdfaBP9FX6scpW1arnqVapqDlHa2Zd/AJmRLqm</latexit>

4
1

�

d�

d✓

<latexit sha1_base64="eZVIkt/zEyc5mpodF87kxIcOwAw=">AAACTHicbVDLSgMxFM3Ud33Vx85NsAi6KTMi6lJ041LB2kJbyp1MxgaTzJDcEevQf3GrH+Pe/3Angpm2C9t6IXByzr25JydMpbDo+59eaW5+YXFpeaW8ura+sVnZ2r63SWYYr7NEJqYZguVSaF5HgZI3U8NBhZI3wserQm88cWNFou+wn/KOggctYsEAHdWt7LaxxxEO20blBiIB2g6OupWqX/OHRWdBMAZVMq6b7pZH21HCMsU1MgnWtgI/xU4OBgWTfFBuZ5anwB7hgbcc1KC47eRD+wN64JiIxolxRyMdsn8nclDW9lXoOhVgz05rBfmv9jxaMMFFtlgyyYVq8l68ZGxsp3xjfN7JhU4z5JqNbMeZpJjQIlkaCcMZyr4DwIxwP6esBwYYuvzLLtNgOsFZcH9cC05rp7cn1YvLcbrLZI/sk0MSkDNyQa7JDakTRl7IK3kj796H9+V9ez+j1pI3ntkhE1Va/AWOT7Rq</latexit>

✓(radians)

<latexit sha1_base64="JsHLbxANXX9rwYz7nu+VFZmJcUM=">AAACTHicbVDLSgMxFM1UrbW+WnXnJlgEV2VGpLosCuLOCrYV2qFkMnfa0MyDJCOtQ//FrX6Me//DnQhm2lk4rQcCJ+fcm3tznIgzqUzz0yisrW8UN0tb5e2d3b39SvWgI8NYUGjTkIfiySESOAugrZji8BQJIL7DoeuMb1K/+wxCsjB4VNMIbJ8MA+YxSpSWBpWjvoKJ7ktu2QRcfC9cELNBpWbWzTnwKrEyUkMZWoOqgftuSGMfAkU5kbJnmZGyEyIUoxxm5X4sISJ0TIbQ0zQgPkg7ma8/w6dacbEXCn0Chefq346E+FJOfUdX+kSN5LKXiv96k8WAnObKdEhec/z8PX1JSE8u7a28KzthQRQrCOhibS/mWIU4TRa7TABVfKoJoYLpn2M6IoJQpfMv60yt5QRXSee8bjXqjYeLWvM6S7eEjtEJOkMWukRNdIdaqI0oekGv6A29Gx/Gl/Ft/CxKC0bWc4hyKBR/Ad0VtJQ=</latexit>

Fixed Order
<latexit sha1_base64="t001Odyf4PdE4MyfGP8dudBLyKQ=">AAACS3icbZDNSgMxEMez1WqtX609egkWwVPZFakeiyJ4s4L9gHYp2XS2Dc1+kGSly9Jn8aoP4wP4HN7Eg9l2D27rQOCf38xkJn8n5Ewq0/w0ClvbxZ3d0l55/+Dw6LhSPenKIBIUOjTggeg7RAJnPnQUUxz6oQDiORx6zuwuzfdeQEgW+M8qDsH2yMRnLqNEaTSq1IYK5roveWzfYwETDRejSt1smMvAm8LKRB1l0R5VDTwcBzTywFeUEykHlhkqOyFCMcphUR5GEkJCZ2QCAy194oG0k+X2C3yuyRi7gdDHV3hJ/3YkxJMy9hxd6RE1leu5FP6bm68G5NhYpkPyzPHy9/QlIV25trdyb+yE+WGkwKertd2IYxXg1Fg8ZgKo4rEWhAqmf47plAhClba/rD211h3cFN3LhtVsNJ+u6q3bzN0SOkVn6AJZ6Bq10ANqow6iKEav6A29Gx/Gl/Ft/KxKC0bWU0O5KBR/Ab1OtAY=</latexit>

OPE region

<latexit sha1_base64="HWVFgT1qYEhSQbvbTFo4uvoifMc=">AAACS3icbZBNS8MwGMfT6XTOt80dvQSH4Gm0ItPj0IvHCXuDrYw0TbewJC1JKitln8Wrfhg/gJ/Dm3gw3Xqw0wcC//yeV/5exKjStv1hlXZ2y3v7lYPq4dHxyWmtfjZQYSwx6eOQhXLkIUUYFaSvqWZkFEmCuMfI0Fs8ZPnhM5GKhqKnk4i4HM0EDShG2qBprTHRZGn60p5EQtEMrqa1pt2y1wH/CicXTZBHd1q34MQPccyJ0JghpcaOHWk3RVJTzMiqOokViRBeoBkZGykQJ8pN19ev4KUhPgxCaZ7QcE1/d6SIK5Vwz1RypOdqO5fBf3PLzYIC81W2pMg8Xvxnk6QK1NbdOrhzUyqiWBOBN2cHMYM6hJmx0KeSYM0SIxCWxkkM8RxJhLWxv2o8dbYd/CsG1y2n3Wo/3TQ797m7FXAOLsAVcMAt6IBH0AV9gEECXsAreLPerU/ry/relJasvKcBClEq/wDrarSp</latexit>

Transition

<latexit sha1_base64="QEvvCnvRfpIuu3YmTUXAR5I3txc=">AAACTXicbVFNSwMxEM3Wj9b61SqevASL4KnsilSPRUE8VrAf0JaSzc62wWx2SbLSsvTHeNUf49kf4k3EbLsHt3Ug8PJm3szkxY04U9q2P63CxubWdrG0U97d2z84rFSPOiqMJYU2DXkoey5RwJmAtmaaQy+SQAKXQ9d9vkvz3ReQioXiSc8iGAZkLJjPKNGGGlVOBhqmRpfcSwA8IZ4MhZqPKjW7bi8CrwMnAzWURWtUtfDAC2kcgNCUE6X6jh3pYUKkZpTDvDyIFUSEPpMx9A0UJAA1TBb7z/G5YTzsh9IcofGC/atISKDULHBNZUD0RK3mUvLf3HQ5IMd5Kh2S59wgf087SeWrlb21fzNMmIhiDYIu1/ZjjnWIU2uxxyRQzWcGECqZeTmmEyIJ1eYDysZTZ9XBddC5rDuNeuPxqta8zdwtoVN0hi6Qg65REz2gFmojihL0it7Qu/VhfVnf1s+ytGBlmmOUi0LxF/0ktSM=</latexit> Fr
ee

ha
dr
on

s
<latexit sha1_base64="9LaCF8ivrfamu/8EwucnKC4uFDY="></latexit>

h |E (~n1) E (~n2) | i

Perturbative, 1/xL ∼ 1/θ2

Perturbative + NP

NP: 1/x3/2
L ∼ 1/θ3

Chen, Monni, Xu, Zhu `24
KL, Pathak, Stewart, Sun `24

<latexit sha1_base64="J9UzI/0HArYziM8nDXBWDwK12d0="></latexit>

lim
n1!n2

E (n1) E (n2) = C(xL)O
JL⇡�4 (n2) + ⇤QCD D(xL)O

JL⇡�3 (n2) + · · ·
∼ 1/xL ∼ 1/x3/2

L

<latexit sha1_base64="8cPcLQNe74KE5TGlCu0VzS8uJAY=">AAACJnicbVDLSsNAFJ34rPHV6tLNYBFclUSkuiy6cVnBPqANZTKZtGMnkzBzI5bQf3CrX+DXuBNx56c4abOwrQcGDufcyz1z/ERwDY7zba2tb2xubZd27N29/YPDcuWoreNUUdaisYhV1yeaCS5ZCzgI1k0UI5EvWMcf3+Z+54kpzWP5AJOEeREZSh5ySsBI7T6MGJBBuerUnBnwKnELUkUFmoOKZfeDmKYRk0AF0brnOgl4GVHAqWBTu59qlhA6JkPWM1SSiGkvm8Wd4jOjBDiMlXkS8Ez9u5GRSOtJ5JvJiMBIL3u5+K/3PD+woAU6P7Ko+dFSQgivvYzLJAUm6TxgmAoMMc47wwFXjIKYGEKo4uaPmI6IIhRMs7Zpz13uapW0L2puvVa/v6w2booeS+gEnaJz5KIr1EB3qIlaiKJH9IJe0Zv1bn1Yn9bXfHTNKnaO0QKsn18ed6Xj</latexit>

✓

<latexit sha1_base64="YEIcBqDd8mPAB9iFDp/1MYQ++NY="></latexit>

Es ⇠ ⇤QCD

<latexit sha1_base64="jIfVUq0erM7hVr+sXM8m1v8r6iI="></latexit>

E
Physically, this comes from a configuration where 
soft emission gets energy weighted.
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<latexit sha1_base64="8cPcLQNe74KE5TGlCu0VzS8uJAY=">AAACJnicbVDLSsNAFJ34rPHV6tLNYBFclUSkuiy6cVnBPqANZTKZtGMnkzBzI5bQf3CrX+DXuBNx56c4abOwrQcGDufcyz1z/ERwDY7zba2tb2xubZd27N29/YPDcuWoreNUUdaisYhV1yeaCS5ZCzgI1k0UI5EvWMcf3+Z+54kpzWP5AJOEeREZSh5ySsBI7T6MGJBBuerUnBnwKnELUkUFmoOKZfeDmKYRk0AF0brnOgl4GVHAqWBTu59qlhA6JkPWM1SSiGkvm8Wd4jOjBDiMlXkS8Ez9u5GRSOtJ5JvJiMBIL3u5+K/3PD+woAU6P7Ko+dFSQgivvYzLJAUm6TxgmAoMMc47wwFXjIKYGEKo4uaPmI6IIhRMs7Zpz13uapW0L2puvVa/v6w2booeS+gEnaJz5KIr1EB3qIlaiKJH9IJe0Zv1bn1Yn9bXfHTNKnaO0QKsn18ed6Xj</latexit>

✓

<latexit sha1_base64="tdkG85jmCdvr2z3Tw6TAYTIJ3Cs=">AAACOnicbVDLSsNAFJ34rPHV6kZwEyxC3ZREpLosiuCygn1AE8NkMmmHTiZhZlIsIX6NW/0Cf8StO3HrBzhps7CtBy4czrmXe+/xYkqENM0PbWV1bX1js7Slb+/s7u2XKwcdESUc4TaKaMR7HhSYEobbkkiKezHHMPQo7nqjm9zvjjEXJGIPchJjJ4QDRgKCoFSSWz6yQyiHCNL0NntkNXuMUcoy1zpzy1Wzbk5hLBOrIFVQoOVWNN32I5SEmElEoRB9y4ylk0IuCaI40+1E4BiiERzgvqIMhlg46fSFzDhVim8EEVfFpDFV/06kMBRiEnqqMz9YLHq5+K/3NFswp/kiXzKveeHChTK4clLC4kRihmYHBgk1ZGTkORo+4RhJOlEEIk7UjwYaQg6RVGnrKj1rMatl0jmvW4164/6i2rwuciyBY3ACasACl6AJ7kALtAECz+AFvII37V371L6071nrilbMHII5aD+/QHGtdg==</latexit>

En(~n1)

<latexit sha1_base64="0ATItiu8FWsMs4gGtFGV9meD8f8=">AAACOnicbVDLSsNAFJ3UV42vVjeCm2AR6qYkRarLogguK9gHNDFMJpN26GQSZibFEurXuNUv8EfcuhO3foCTNgvbeuDC4Zx7ufceL6ZESNP80Apr6xubW8VtfWd3b/+gVD7siCjhCLdRRCPe86DAlDDclkRS3Is5hqFHcdcb3WR+d4y5IBF7kJMYOyEcMBIQBKWS3NKxHUI5RJCmt9NHVrXHGKVs6tbP3VLFrJkzGKvEykkF5Gi5ZU23/QglIWYSUShE3zJj6aSQS4Ionup2InAM0QgOcF9RBkMsnHT2wtQ4U4pvBBFXxaQxU/9OpDAUYhJ6qjM7WCx7mfiv9zRfsKD5IluyqHnh0oUyuHJSwuJEYobmBwYJNWRkZDkaPuEYSTpRBCJO1I8GGkIOkVRp6yo9azmrVdKp16xGrXF/UWle5zkWwQk4BVVggUvQBHegBdoAgWfwAl7Bm/aufWpf2ve8taDlM0dgAdrPL0IvrXc=</latexit>

En(~n2)

<latexit sha1_base64="/4F1Gbo1lxk8iWa9ESPPgTglXBk=">AAACOnicbVDLSsNAFJ34rPHV6kZwM1gEVyURqS6LdeHCRQv2AU0sk8mkHTqThJmJWEL9Grf6Bf6IW3fi1g9w0mZhWw9cOJxzL/fe48WMSmVZH8bK6tr6xmZhy9ze2d3bL5YO2jJKBCYtHLFIdD0kCaMhaSmqGOnGgiDuMdLxRvXM7zwSIWkU3qtxTFyOBiENKEZKS/3ikSMph86dnvBRP3UEh836zeRBW2WrYk0Bl4mdkzLI0eiXDNPxI5xwEirMkJQ924qVmyKhKGZkYjqJJDHCIzQgPU1DxIl00+kLE3iqFR8GkdAVKjhV/06kiEs55p7u5EgN5aKXif96T7MFc5ovsyXzmscXLlTBlZvSME4UCfHswCBhUEUwyxH6VBCs2FgThAXVP0I8RAJhpdM2dXr2YlbLpH1esauVavOiXLvOcyyAY3ACzoANLkEN3IIGaAEMnsELeAVvxrvxaXwZ37PWFSOfOQRzMH5+AYNRrQ4=</latexit>

⇠ ⇤n
QCD

Now, with higher energy weighting, we expect to have 
sensitivity to the correction that goes as , 

which gives enhanced angular scaling as 

∼ Λn
QCD

∼
1

x− 2 + n
2

L

0.005 0.010 0.050 0.100 0.500
0.01

0.10
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10

100

1000 <latexit sha1_base64="8QCLEZgTD3anu92fs29WvxPo+x0=">AAACRnicbVDLSsNAFL2pr1pfrS7dBKvgqiQi1WVRBJcV7AOaUCaTSTs4mYSZiVhCf8Cvcatf4C/4E+7ErZM0iz68cOFwzr3cc48XMyqVZX0ZpbX1jc2t8nZlZ3dv/6BaO+zKKBGYdHDEItH3kCSMctJRVDHSjwVBocdIz3u6zfTeMxGSRvxRTWLihmjEaUAxUpoaVk8dhviIESdEaowRS++m81Dk4rBatxpWXuYqsAtQh6Law5pRcfwIJyHhCjMk5cC2YuWmSCiKGZlWnESSGOEnNCIDDTkKiXTT/J2peaYZ3wwioZsrM2fnN1IUSjkJPT2ZWZXLWkb+q73MDixwvsyOLHJeuORQBdduSnmcKMLxzGCQMFNFZpap6VNBsGITDRAWVP9o4jESCCudfEWnZy9ntQq6Fw272Wg+XNZbN0WOZTiGEzgHG66gBffQhg5geIU3eIcP49P4Nn6M39loySh2jmChSvAH+y6yWQ==</latexit>

hEEi
<latexit sha1_base64="crnw1OqZ/GPGOzGaxWuzwMk83m8=">AAACSnicbVDLSsNAFJ3UqrW+Wl26CRahq5KIVJdFEVxWsA9oYplMJu3QmUmYmYgl9Bf8Grf6Bf6Av+FO3DhJszCtFwbOnHMu997jRZRIZVmfRmmjvLm1Xdmp7u7tHxzW6kd9GcYC4R4KaSiGHpSYEo57iiiKh5HAkHkUD7zZTaoPnrCQJOQPah5hl8EJJwFBUGlqXGs6FPIJxQ6DaoogTW4Xj+fFj8gM41rDallZmevAzkED5NUd142q44coZpgrRKGUI9uKlJtAoQiieFF1YokjiGZwgkcacsiwdJPspIV5phnfDEKhH1dmxv7tSCCTcs487UyXlataSv6rPS8HFDhfpkOKnMdWNlTBlZsQHsUKc7RcMIipqUIzzdX0icBI0bkGEAmibzTRFAqIlE6/qtOzV7NaB/3zlt1ute8vGp3rPMcKOAGnoAlscAk64A50QQ8g8AJewRt4Nz6ML+Pb+FlaS0becwwKVSr/Arvps6E=</latexit>

hE2E2i
<latexit sha1_base64="7SQTQC1T/w7KfeyXH0xuoTNeD2E=">AAACSnicbVDLSsNAFJ3UqjW+Wl26GSxCVyVRqS6LIrisYB/QxDKZTNvBySTMTMQS+gt+jVv9An/A33AnbpykWZjWCwNnzjmXe+/xIkalsqxPo7RWXt/YrGyZ2zu7e/vV2kFPhrHApItDFoqBhyRhlJOuooqRQSQICjxG+t7jdar3n4iQNOT3ahYRN0ATTscUI6WpUbXhMMQnjDgBUlOMWHIzfzgrfkRmGFXrVtPKCq4COwd1kFdnVDNMxw9xHBCuMENSDm0rUm6ChKKYkbnpxJJECD+iCRlqyFFApJtkJ83hiWZ8OA6FflzBjP3bkaBAylngaWe6rFzWUvJf7XkxoMD5Mh1S5LxgaUM1vnQTyqNYEY4XC45jBlUI01yhTwXBis00QFhQfSPEUyQQVjp9U6dnL2e1CnqnTbvVbN2d19tXeY4VcASOQQPY4AK0wS3ogC7A4AW8gjfwbnwYX8a38bOwloy85xAUqlT+Bb9+s6M=</latexit>

hE3E3i
<latexit sha1_base64="QsI7v5w97M2aMRp5EBXG3GRpfmc=">AAACSnicbVDLSsNAFJ3UqrW+Wl26GSxCVyURqS6LIrisYB/QxDKZTNqhk0mYmYgl9Bf8Grf6Bf6Av+FO3DhJszCtFwbOnHMu997jRoxKZZqfRmmjvLm1Xdmp7u7tHxzW6kd9GcYCkx4OWSiGLpKEUU56iipGhpEgKHAZGbizm1QfPBEhacgf1DwiToAmnPoUI6Wpca1pM8QnjNgBUlOMWHK7eLwofkRmGNcaZsvMCq4DKwcNkFd3XDeqthfiOCBcYYakHFlmpJwECUUxI4uqHUsSITxDEzLSkKOASCfJTlrAM8140A+FflzBjP3bkaBAynngame6rFzVUvJf7Xk5oMB5Mh1S5NxgZUPlXzkJ5VGsCMfLBf2YQRXCNFfoUUGwYnMNEBZU3wjxFAmElU6/qtOzVrNaB/3zltVute8vGp3rPMcKOAGnoAkscAk64A50QQ9g8AJewRt4Nz6ML+Pb+FlaS0becwwKVSr/AsMTs6U=</latexit>

hE4E4i
<latexit sha1_base64="o097oeEd2ELnqx3ladb9NQgdQl4=">AAACSnicbVDLSsNAFJ3UqjW+Wl26GSxCVyURrS6LIrisYB/QxDKZTNvBySTMTMQS+gt+jVv9An/A33AnbpykWZjWCwNnzjmXe+/xIkalsqxPo7RWXt/YrGyZ2zu7e/vV2kFPhrHApItDFoqBhyRhlJOuooqRQSQICjxG+t7jdar3n4iQNOT3ahYRN0ATTscUI6WpUbXhMMQnjDgBUlOMWHIzfzgvfkRmGFXrVtPKCq4COwd1kFdnVDNMxw9xHBCuMENSDm0rUm6ChKKYkbnpxJJECD+iCRlqyFFApJtkJ83hiWZ8OA6FflzBjP3bkaBAylngaWe6rFzWUvJf7XkxoMD5Mh1S5LxgaUM1vnQTyqNYEY4XC45jBlUI01yhTwXBis00QFhQfSPEUyQQVjp9U6dnL2e1CnqnTbvVbN2d1dtXeY4VcASOQQPY4AK0wS3ogC7A4AW8gjfwbnwYX8a38bOwloy85xAUqlT+Bcaos6c=</latexit>

hE5E5i

<latexit sha1_base64="8cPcLQNe74KE5TGlCu0VzS8uJAY=">AAACJnicbVDLSsNAFJ34rPHV6tLNYBFclUSkuiy6cVnBPqANZTKZtGMnkzBzI5bQf3CrX+DXuBNx56c4abOwrQcGDufcyz1z/ERwDY7zba2tb2xubZd27N29/YPDcuWoreNUUdaisYhV1yeaCS5ZCzgI1k0UI5EvWMcf3+Z+54kpzWP5AJOEeREZSh5ySsBI7T6MGJBBuerUnBnwKnELUkUFmoOKZfeDmKYRk0AF0brnOgl4GVHAqWBTu59qlhA6JkPWM1SSiGkvm8Wd4jOjBDiMlXkS8Ez9u5GRSOtJ5JvJiMBIL3u5+K/3PD+woAU6P7Ko+dFSQgivvYzLJAUm6TxgmAoMMc47wwFXjIKYGEKo4uaPmI6IIhRMs7Zpz13uapW0L2puvVa/v6w2booeS+gEnaJz5KIr1EB3qIlaiKJH9IJe0Zv1bn1Yn9bXfHTNKnaO0QKsn18ed6Xj</latexit>

✓

<latexit sha1_base64="7lqeY6O8f0Fp3Uc/bbXMldx+xQE=">AAACLXicbVDLSgMxFE181vHV6tJNsAiuyoxIdSMU3bhsoS9oh5LJZNrQZGZMMmIZ6m+41S/wa1wI4tbfMNPOwrYeCBzOuZd7cryYM6Vt+xOurW9sbm0Xdqzdvf2Dw2LpqK2iRBLaIhGPZNfDinIW0pZmmtNuLCkWHqcdb3yX+Z1HKhWLwqaexNQVeBiygBGsjeQ2bpzntC8FatL2dFAs2xV7BrRKnJyUQY76oAStvh+RRNBQE46V6jl2rN0US80Ip1OrnygaYzLGQ9ozNMSCKjedpZ6iM6P4KIikeaFGM/XvRoqFUhPhmUmB9Ugte5n4r/c0P7Cg+So7sqh5YimhDq7dlIVxomlI5gGDhCMdoaw65DNJieYTQzCRzPwRkRGWmGhTsGXac5a7WiXti4pTrVQbl+Xabd5jAZyAU3AOHHAFauAe1EELEPAAXsAreIPv8AN+we/56BrMd47BAuDPL/+dqFY=</latexit>

Q = 1 TeV

Gonzalez, KL, Moult `In Progress
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Outline.

<latexit sha1_base64="DnsHubAKuMn7cafZsERCOCauyPI=">AAACN3icbVDLSsNAFJ34rPHVKq7cDBbBVUlEqstiXbhw0YJ9QBPCZDJph84kYWYiltCPcatf4Ke4cidu/QMnbRa29cDA4Zx7uWeOnzAqlWV9GGvrG5tb26Udc3dv/+CwXDnqyjgVmHRwzGLR95EkjEako6hipJ8IgrjPSM8fN3O/90SEpHH0qCYJcTkaRjSkGCkteeUTR1LuPOiFAHmZIzhsN++mXrlq1awZ4CqxC1IFBVpexTCdIMYpJ5HCDEk5sK1EuRkSimJGpqaTSpIgPEZDMtA0QpxIN5vln8JzrQQwjIV+kYIz9e9GhriUE+7rSY7USC57ufiv9zw/sKAFMj+yqPl8KaEKb9yMRkmqSITnAcOUQRXDvEQYUEGwYhNNEBZU/xHiERIIK121qduzl7taJd3Lml2v1dtX1cZt0WMJnIIzcAFscA0a4B60QAdgkIEX8ArejHfj0/gyvueja0axcwwWYPz8AmTKrAQ=</latexit>⇠ ⇤
QCD

MAGIC

<latexit sha1_base64="bO6vZEpqFJsu4UBxBCMgRbvddcQ=">AAACRHicbVDLSgMxFM3UV62vVpdugkVwIWVGpLosFcFlBVsFW0omc2tDk5khuSMtw+z9Grf6Bf6D/+BO3IrpY2GrBwKHc18nx4+lMOi6705uaXlldS2/XtjY3NreKZZ2WyZKNIcmj2Sk73xmQIoQmihQwl2sgSlfwq0/uBjXbx9BGxGFNziKoaPYQyh6gjO0Urd40EYY4mRP6ssEsvSym6ZtrWifBdlx3cuybrHsVtwJ6F/izUiZzNDolpxCO4h4oiBELpkx954bYydlGgWXkBXaiYGY8QF7gHtLQ6bAdNKJiYweWiWgvUjbFyKdqL8nUqaMGSnfdiqGfbNYG4v/1obTA3NaYMZH5jVfLTjE3nknFWGcIIR8arCXSIoRHSdKA6GBoxxZwrgW9o+U95lmHG3uBZuet5jVX9I6qXjVSvX6tFyrz3LMk31yQI6IR85IjVyRBmkSTp7IM3khr86b8+F8Ol/T1pwzm9kjc3C+fwDvgrJN</latexit>

Ehad,B1

<latexit sha1_base64="VaDGF6CuYd1prv6ODEnMpYWqsqs=">AAACLnicbVDLSgMxFM3UV62vVpdugkVwVWZEqsuiCC4r2Ae0Y8lkMm1oHkOSEcvQ/3CrX+DXCC7ErZ9hpp2FbT0QOJz7OjlBzKg2rvvpFNbWNza3itulnd29/YNy5bCtZaIwaWHJpOoGSBNGBWkZahjpxoogHjDSCcY3Wb3zRJSmUjyYSUx8joaCRhQjY6XH20HaVxzGSBkppoNy1a25M8BV4uWkCnI0BxWn1A8lTjgRBjOkdc9zY+Ondh3FjExL/USTGOExGpKepQJxov10ZnsKT60Swkgq+4SBM/XvRIq41hMe2E6OzEgv1zLx39rz/MCCFursyKIW8CWHJrryUyrixBCB5wajhEEjYZYdDKki2LCJJQgrav8I8QgphI1NuGTT85azWiXt85pXr9XvL6qN6zzHIjgGJ+AMeOASNMAdaIIWwECBF/AK3px358P5cr7nrQUnnzkCC3B+fgHGualM</latexit>

Eparton

<latexit sha1_base64="N2kO6zaTVv5EGQlKo03sUj7l6wo=">AAACWnicbVHLSgMxFE3Hd+ujPnZugkVwIWVGpLr0geBSwVbBliGTudMGk5khuSOWYfZ+jVv9FcGPMdN2YVsvBE7Oua+cBKkUBl33u+IsLC4tr6yuVWvrG5tb9e2djkkyzaHNE5nop4AZkCKGNgqU8JRqYCqQ8Bi8XJf64ytoI5L4AYcp9BTrxyISnKGl/PpBF+ENR31yDWGR3/h53tWKDlhYHF/6XlH49YbbdEdB54E3AQ0yiTt/u0K7YcIzBTFyyYx59twUeznTKLiEotrNDKSMv7A+PFsYMwWml4+WKOihZUIaJdqeGOmI/VuRM2XMUAU2UzEcmFmtJP/V3sYDprjQlEOmuUBN38tO2kRmZm+Mznu5iNMMIebjtaNMUkxo6TMNhQaOcmgB41rYl1M+YJpxtL9RtZ56sw7Og85J02s1W/enjYuriburZJ8ckCPikTNyQW7JHWkTTt7JB/kkX5Ufx3HWnNo41alManbJVDh7vynpt6U=</latexit>

Ehad,A1

<latexit sha1_base64="dme0E9mhrW7BZyRmZXRKVOuuto8=">AAACWnicbVHLSgMxFE3Hd3216s5NsAgupMwUqS59ILhUsCrYMmQyd9rQZGZI7ohlmL1f41Z/RfBjzLRd2OqFwMk595WTIJXCoOt+VZyFxaXlldW16vrG5tZ2rb7zYJJMc+jwRCb6KWAGpIihgwIlPKUamAokPAbDq1J/fAFtRBLf4yiFnmL9WESCM7SUXzvoIrziuE+uISzyaz/Pu1rRAQuL4wu/VRR+reE23XHQv8CbggaZxq1fr9BumPBMQYxcMmOePTfFXs40Ci6hqHYzAynjQ9aHZwtjpsD08vESBT20TEijRNsTIx2zvytypowZqcBmKoYDM6+V5L/a62TADBeacsgsF6jZe9lJm8jM7Y3RWS8XcZohxHyydpRJigktfaah0MBRjixgXAv7csoHTDOO9jeq1lNv3sG/4KHV9NrN9t1J4/xy6u4q2ScH5Ih45JSckxtySzqEkzfyTj7IZ+XbcZw1Z32S6lSmNbtkJpy9Hyu+t6Y=</latexit>

Ehad,A2

<latexit sha1_base64="SMoymvrs2qiuL8Mkx3Xp+W7XAaI="></latexit>

Ehad,B2

<latexit sha1_base64="44Ju+wz6izzTWHYn32u8Gs2XiPU="></latexit>

Ehad,B3

WHAT ARE SOME INTERESTING DETECTORS 
AND THEIR CORRELATIONS 
TO STUDY THE CONFINEMENT MAGIC?

<latexit sha1_base64="Hkah+CD1WttgZdwHdZs7Z8wp9Hc="></latexit>

hEn1
R1

(~n1)En2
R2

(~n2)i

-Applications



Outline.
 

of  confinement magic and generalized detectors

<latexit sha1_base64="0Lf3o+/3yB+Dvn9ikK/89XSRdc0="></latexit>

hEtrk(~n1)Etrk(~n2)i

<latexit sha1_base64="J6G4eAvYY3J/IKn4CZ95C5yfAh4="></latexit>

hEn(~n1)En(~n2)i1.

2.
<latexit sha1_base64="lbwv7XnZ83/6ZY1d5sT7+X29XHM="></latexit>

hEH(~n1)EH̄(~n2)i4.

Gonzalez, KL, Moult 
Devereaux, Fan, Ke, KL, Moult `23

KL, Li, Moult, Waalewijn  
Jaarsma, Li, Moult, Waalewijn, Zhu `23

Barata, Brewer, KL, Silva `25

Applications

weighted energy detector

charged energy detector Heavy energy detector

<latexit sha1_base64="CzS2xzC14/a543YxCmDTvrazHCw="></latexit>

hE+(~n1)E�(~n2)i3. KL, Moult `23
KL, Moult, Song, Sterman

charged energy detector
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<latexit sha1_base64="zTtqMWWfXfqZDH5uc3Ts50pGIN8=">AAACPnicbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsYi0YfURpXjOK1V24lsB1FF/QlW+Bh+gx9gQ6yMOG0G0nIlS8fn3utzfPyYM20c5wOWNja3tnfKu5W9/YPDo2rtuKujRBHaIRGPVN/HmnImaccww2k/VhQLn9OeP73L+r0nqjSL5KOZxdQTeCxZyAg2luoPmbAqVI+qdafhLAqtAzcHdZBXe1SDaBhEJBFUGsKx1gPXiY2XYmUY4XReGSaaxphM8ZgOLJRYUO2lC8NzdG6ZAIWRskcatGD/bqRYaD0Tvp0U2Ez0ai8j/+09LwUKXKAzkSLni+I9e0npUK/4NuGNlzIZJ4ZKsrQdJhyZCGVZooApSgyfWYCJYvbniEywwsTYxCs2U3c1wXXQvWy4zUbz4areus3TLYNTcAYugAuuQQvcgzboAAI4eAGv4A2+w0/4Bb+XoyWY75yAQsGfX8e0sDc=</latexit>

=)

•Same Power scaling modification clearly observed in experimental data

<latexit sha1_base64="J6G4eAvYY3J/IKn4CZ95C5yfAh4="></latexit>

hEn(~n1)En(~n2)i1.
Gonzalez, KL, Moult

NONPERTURBATIVE POWER CORRECTIONS IN

27
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<latexit sha1_base64="J6G4eAvYY3J/IKn4CZ95C5yfAh4="></latexit>

hEn(~n1)En(~n2)i1.
Gonzalez, KL, Moult

•Same Power scaling modification clearly observed in experimental MC

NONPERTURBATIVE POWER CORRECTIONS IN

<latexit sha1_base64="eW/cdWJBTgVqfNVkJ9405136a5M=">AAACM3icbVDLSsNAFJ34rPXV6tLNYBFclUSkuqy6cVnBPqANZTK5aYfOJGFmoi2hn+JWv8CPEXfi1n9w0mZhWw8MHM65l3vmeDFnStv2h7W2vrG5tV3YKe7u7R8clspHLRUlkkKTRjySHY8o4CyEpmaaQyeWQITHoe2N7jK//QRSsSh81JMYXEEGIQsYJdpI/VK5p2Gs0xvOsQYp1BT3SxW7as+AV4mTkwrK0eiXrWLPj2giINSUE6W6jh1rNyVSM8phWuwlCmJCR2QAXUNDIkC56Sz7FJ8ZxcdBJM0LNZ6pfzdSIpSaCM9MCqKHatnLxH+98fzAguar7Mii5omlhDq4dlMWxomGkM4DBompJ8JZgdhnEqjmE0MIlcz8EdMhkYSa/lTRtOcsd7VKWhdVp1atPVxW6rd5jwV0gk7ROXLQFaqje9RATUTRM3pBr+jNerc+rS/rez66ZuU7x2gB1s8vpjyqrQ==</latexit>

All terms

<latexit sha1_base64="Bx9d5b7+gZ4MaQn4sCWASh0mH+4=">AAACLXicbVDLSsNAFJ2prxpfrS7dBIvgqiQi1WXRjcsK9gFtKJPJpB06eThzIw2h3+FWv8CvcSGIW3/DSZuFbT0wcDjnXu6Z48aCK7CsT1za2Nza3invGnv7B4dHlepxR0WJpKxNIxHJnksUEzxkbeAgWC+WjASuYF13cpf73WcmFY/CR0hj5gRkFHKfUwJacgbAppC1UhhzMhtWalbdmsNcJ3ZBaqhAa1jFxsCLaBKwEKggSvVtKwYnIxI4FWxmDBLFYkInZMT6moYkYMrJ5qln5rlWPNOPpH4hmHP170ZGAqXSwNWTAYGxWvVy8V9vujiwpHkqP7KsucFKQvBvnIyHcQIspIuAfiJMiMy8OtPjklEQqSaESq7/aNIxkYSCLtjQ7dmrXa2TzmXdbtQbD1e15m3RYxmdojN0gWx0jZroHrVQG1H0hF7QK3rD7/gDf+HvxWgJFzsnaAn45xebI6k/</latexit>

Pythia
•The power scaling modification is consistent with 

the full OPE structure

0.001 0.0050.010 0.0500.100 0.500 1
0.01

0.10

1

10

100

<latexit sha1_base64="crnw1OqZ/GPGOzGaxWuzwMk83m8=">AAACSnicbVDLSsNAFJ3UqrW+Wl26CRahq5KIVJdFEVxWsA9oYplMJu3QmUmYmYgl9Bf8Grf6Bf6Av+FO3DhJszCtFwbOnHMu997jRZRIZVmfRmmjvLm1Xdmp7u7tHxzW6kd9GcYC4R4KaSiGHpSYEo57iiiKh5HAkHkUD7zZTaoPnrCQJOQPah5hl8EJJwFBUGlqXGs6FPIJxQ6DaoogTW4Xj+fFj8gM41rDallZmevAzkED5NUd142q44coZpgrRKGUI9uKlJtAoQiieFF1YokjiGZwgkcacsiwdJPspIV5phnfDEKhH1dmxv7tSCCTcs487UyXlataSv6rPS8HFDhfpkOKnMdWNlTBlZsQHsUKc7RcMIipqUIzzdX0icBI0bkGEAmibzTRFAqIlE6/qtOzV7NaB/3zlt1ute8vGp3rPMcKOAGnoAlscAk64A50QQ8g8AJewRt4Nz6ML+Pb+FlaS0becwwKVSr/Arvps6E=</latexit>

hE2E2i

28
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PRECISION MEASUREMENTS<latexit sha1_base64="0Lf3o+/3yB+Dvn9ikK/89XSRdc0="></latexit>

hEtrk(~n1)Etrk(~n2)i

<latexit sha1_base64="N142x1XyBgs+mdur2+noq7UlalU="></latexit>

hE1E2 · · · EN i
hE1E2i

⇠
⌦
O

[N+1]
↵

⌦
O[3]

↵ ⇠ ✓�(N+1)��(3)
L

<latexit sha1_base64="uynxH3Y7IIsqLQrUzzJ1kJq8b58=">AAACPHicbVDLSgNBEJz1GeMr0ZteBoMQL2FXgnoMevEkEcwDsiH0zs4mQ2Z2h5lZMYSAX+NVv8D/8O5NvHp28jiYxIKGoqqb7q5AcqaN6344K6tr6xubma3s9s7u3n4uf1DXSaoIrZGEJ6oZgKacxbRmmOG0KRUFEXDaCPo3Y7/xSJVmSfxgBpK2BXRjFjECxkqd3JHfBSGgeHeGfakSaRLsA5c96OhOruCW3AnwMvFmpIBmqHbyTtYPE5IKGhvCQeuW50rTHoIyjHA6yvqpphJIH7q0ZWkMgur2cPLECJ9aJcRRomzFBk/UvxNDEFoPRGA7BZieXvTG4r/e03TBnBbq8ZJ5LRALF5roqj1ksUwNjcn0wCjl2EY0ThKHTFFi+MASIIrZHzHpgQJibN5Zm563mNUyqZ+XvItS+b5cqFzPcsygY3SCishDl6iCblEV1RBBz+gFvaI35935dL6c72nrijObOURzcH5+AR5Vrdo=</latexit>

�(N) / ↵s

•Most precise jet substructure measurements of 
strong coupling constant with energy correlators

•Major experimental uncertainties come from 
measurements being performed at all particles level

All particles Tracks

2.

29
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PRECISION MEASUREMENTS
30

<latexit sha1_base64="N142x1XyBgs+mdur2+noq7UlalU="></latexit>

hE1E2 · · · EN i
hE1E2i

⇠
⌦
O

[N+1]
↵

⌦
O[3]

↵ ⇠ ✓�(N+1)��(3)
L

<latexit sha1_base64="uynxH3Y7IIsqLQrUzzJ1kJq8b58=">AAACPHicbVDLSgNBEJz1GeMr0ZteBoMQL2FXgnoMevEkEcwDsiH0zs4mQ2Z2h5lZMYSAX+NVv8D/8O5NvHp28jiYxIKGoqqb7q5AcqaN6344K6tr6xubma3s9s7u3n4uf1DXSaoIrZGEJ6oZgKacxbRmmOG0KRUFEXDaCPo3Y7/xSJVmSfxgBpK2BXRjFjECxkqd3JHfBSGgeHeGfakSaRLsA5c96OhOruCW3AnwMvFmpIBmqHbyTtYPE5IKGhvCQeuW50rTHoIyjHA6yvqpphJIH7q0ZWkMgur2cPLECJ9aJcRRomzFBk/UvxNDEFoPRGA7BZieXvTG4r/e03TBnBbq8ZJ5LRALF5roqj1ksUwNjcn0wCjl2EY0ThKHTFFi+MASIIrZHzHpgQJibN5Zm563mNUyqZ+XvItS+b5cqFzPcsygY3SCishDl6iCblEV1RBBz+gFvaI35935dL6c72nrijObOURzcH5+AR5Vrdo=</latexit>

�(N) / ↵s

•Most precise jet substructure measurements of 
strong coupling constant with energy correlators

•Major experimental uncertainties come from 
measurements being performed at all particles level

Predictions for tracks in Energy Correlators

KL, Li, Moult, Waalewijn `In Progress

<latexit sha1_base64="0Lf3o+/3yB+Dvn9ikK/89XSRdc0="></latexit>

hEtrk(~n1)Etrk(~n2)i2.
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<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

0.0 0.2 0.4 0.6 0.8 1.0
0

1

2

3

4

0.0 0.2 0.4 0.6 0.8 1.0
0

1

2

3

4

<latexit sha1_base64="HEcZu+c9mrq5IxZps37y5+L+ImA=">AAACMnicbVDJSgNBFOyJWxy3RI9eGoPgKcxIUC9C0IvHCNkgGUJP5yVp0rPQ/SYkDPkTr/oF/ozexKsfYWc5mMSChqLqPV51+bEUGh3nw8psbe/s7mX37YPDo+OTXP60rqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7wceY3RqC0iMIqTmLwAtYPRU9whkbq5HJxp3rvthHGmNIq1KedXMEpOnPQTeIuSYEsUenkLbvdjXgSQIhcMq1brhOjlzKFgkuY2u1EQ8z4kPWhZWjIAtBeOo8+pZdG6dJepMwLkc7VvxspC7SeBL6ZDBgO9Lo3E//1xosDK1pXz46san6wlhB7d14qwjhBCPkiYC+RFCM66492hQKOcmII40qYP1I+YIpxNC3bpj13vatNUr8uujfF0nOpUH5Y9pgl5+SCXBGX3JIyeSIVUiOcjMgLeSVv1rv1aX1Z34vRjLXcOSMrsH5+AR+zqd0=</latexit>

pT = 1 TeV

0.005 0.010 0.050 0.100 0.500 1
0.2

0.3

0.4

0.5

0.6

0.7

0.8

<latexit sha1_base64="5ZZgaiHAJa6h5W3iXeHuAoeUtQ8=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgxpJIUZdFN+Kqgn1AG8pkctsOnTyYuZGW0F9xq1/gvwjuxK3f4KTNwrYeGDiccy/3zHEjwRVa1oeR29jc2t7J7xb29g8Oj4qlckuFsWTQZKEIZcelCgQPoIkcBXQiCdR3BbTd8V3qt59BKh4GTziNwPHpMOADzihqqV8s9xAmmDSji9Q1HwBn/WLFqlpzmOvEzkiFZGj0S0ah54Us9iFAJqhSXduK0EmoRM4EzAq9WEFE2ZgOoatpQH1QTjIPPzPPtOKZg1DqF6A5V/9uJNRXauq7etKnOFKrXir+600WB5Y0T6VHljXXX0mIgxsn4UEUIwRsEXAQCxNDc96RxyUwFFNNKJNc/9FkIyopQ91zQbdnr3a1TlqXVfuqWnusVeq3WY95ckJOyTmxyTWpk3vSIE3CyIS8kFfyZrwbn8aX8b0YzRnZzjFZgvHzC5mNqyg=</latexit>

Up-type Jet

<latexit sha1_base64="tyDcRCq7lYw1PfLhV5hoG/XPxR4=">AAACNXicbVDLSsNAFJ3UV62v1i7dDBbBVUlE1GXRjYsiFewD2lAmk0k7dPJg5kYaQr/FrX6B3+LCnbj1F5y0WdjWAwOHc+7lnjlOJLgC0/wwChubW9s7xd3S3v7B4VG5ctxRYSwpa9NQhLLnEMUED1gbOAjWiyQjviNY15ncZX73mUnFw+AJkojZPhkF3OOUgJaG5eoA2BTSh2YTE0pjSWgyG5ZrZt2cA68TKyc1lKM1rBilgRvS2GcBUEGU6ltmBHZKJHAq2Kw0iBWLCJ2QEetrGhCfKTudp5/hM6242AulfgHgufp3IyW+Uonv6EmfwFitepn4rzddHFjSXJUdWdYcfyUheDd2yoMoBhbQRUAvFhhCnFWIXS4ZBZFoQqjk+o+YjomuDnTRJd2etdrVOulc1K2r+uXjZa1xm/dYRCfoFJ0jC12jBrpHLdRGFCXoBb2iN+Pd+DS+jO/FaMHId6poCcbPL1/Oq4w=</latexit>

NLL accuracy

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

0.0 0.2 0.4 0.6 0.8 1.0
0

1

2

3

4

0.0 0.2 0.4 0.6 0.8 1.0
0

1

2

3

4

<latexit sha1_base64="HEcZu+c9mrq5IxZps37y5+L+ImA=">AAACMnicbVDJSgNBFOyJWxy3RI9eGoPgKcxIUC9C0IvHCNkgGUJP5yVp0rPQ/SYkDPkTr/oF/ozexKsfYWc5mMSChqLqPV51+bEUGh3nw8psbe/s7mX37YPDo+OTXP60rqNEcajxSEaq6TMNUoRQQ4ESmrECFvgSGv7wceY3RqC0iMIqTmLwAtYPRU9whkbq5HJxp3rvthHGmNIq1KedXMEpOnPQTeIuSYEsUenkLbvdjXgSQIhcMq1brhOjlzKFgkuY2u1EQ8z4kPWhZWjIAtBeOo8+pZdG6dJepMwLkc7VvxspC7SeBL6ZDBgO9Lo3E//1xosDK1pXz46san6wlhB7d14qwjhBCPkiYC+RFCM66492hQKOcmII40qYP1I+YIpxNC3bpj13vatNUr8uujfF0nOpUH5Y9pgl5+SCXBGX3JIyeSIVUiOcjMgLeSVv1rv1aX1Z34vRjLXcOSMrsH5+AR+zqd0=</latexit>

pT = 1 TeV

<latexit sha1_base64="5ZZgaiHAJa6h5W3iXeHuAoeUtQ8=">AAACNHicbVDLSsNAFJ3UV62vti7dBIvgxpJIUZdFN+Kqgn1AG8pkctsOnTyYuZGW0F9xq1/gvwjuxK3f4KTNwrYeGDiccy/3zHEjwRVa1oeR29jc2t7J7xb29g8Oj4qlckuFsWTQZKEIZcelCgQPoIkcBXQiCdR3BbTd8V3qt59BKh4GTziNwPHpMOADzihqqV8s9xAmmDSji9Q1HwBn/WLFqlpzmOvEzkiFZGj0S0ah54Us9iFAJqhSXduK0EmoRM4EzAq9WEFE2ZgOoatpQH1QTjIPPzPPtOKZg1DqF6A5V/9uJNRXauq7etKnOFKrXir+600WB5Y0T6VHljXXX0mIgxsn4UEUIwRsEXAQCxNDc96RxyUwFFNNKJNc/9FkIyopQ91zQbdnr3a1TlqXVfuqWnusVeq3WY95ckJOyTmxyTWpk3vSIE3CyIS8kFfyZrwbn8aX8b0YzRnZzjFZgvHzC5mNqyg=</latexit>

Up-type Jet

<latexit sha1_base64="tyDcRCq7lYw1PfLhV5hoG/XPxR4=">AAACNXicbVDLSsNAFJ3UV62v1i7dDBbBVUlE1GXRjYsiFewD2lAmk0k7dPJg5kYaQr/FrX6B3+LCnbj1F5y0WdjWAwOHc+7lnjlOJLgC0/wwChubW9s7xd3S3v7B4VG5ctxRYSwpa9NQhLLnEMUED1gbOAjWiyQjviNY15ncZX73mUnFw+AJkojZPhkF3OOUgJaG5eoA2BTSh2YTE0pjSWgyG5ZrZt2cA68TKyc1lKM1rBilgRvS2GcBUEGU6ltmBHZKJHAq2Kw0iBWLCJ2QEetrGhCfKTudp5/hM6242AulfgHgufp3IyW+Uonv6EmfwFitepn4rzddHFjSXJUdWdYcfyUheDd2yoMoBhbQRUAvFhhCnFWIXS4ZBZFoQqjk+o+YjomuDnTRJd2etdrVOulc1K2r+uXjZa1xm/dYRCfoFJ0jC12jBrpHLdRGFCXoBb2iN+Pd+DS+jO/FaMHId6poCcbPL1/Oq4w=</latexit>

NLL accuracy
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<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓
<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓

<latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators <latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators

• Unlike-signed charged correlators are correlated more as the angle becomes smaller!

• The correlation between unlike-signed hadron pair is expected to grow in string-like hadronization

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�
<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+ <latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+
<latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="LgDzJm6Xw7QTGmSZV+rM2vCNqGM=">AAACJnicbVDLSsNAFJ3UV42vVpduBovgqiQi6rLoxmUF+4A2lMlk0o6dTMLMjVhC/8GtfoFf407EnZ/ipM3Cth4YOJxzL/fM8RPBNTjOt1VaW9/Y3Cpv2zu7e/sHlephW8epoqxFYxGrrk80E1yyFnAQrJsoRiJfsI4/vs39zhNTmsfyASYJ8yIylDzklICR2n0YMSCDSs2pOzPgVeIWpIYKNAdVy+4HMU0jJoEKonXPdRLwMqKAU8Gmdj/VLCF0TIasZ6gkEdNeNos7xadGCXAYK/Mk4Jn6dyMjkdaTyDeTEYGRXvZy8V/veX5gQQt0fmRR86OlhBBeexmXSQpM0nnAMBUYYpx3hgOuGAUxMYRQxc0fMR0RRSiYZm3Tnrvc1Sppn9fdy/rF/UWtcVP0WEbH6ASdIRddoQa6Q03UQhQ9ohf0it6sd+vD+rS+5qMlq9g5Qguwfn4BHdOl4Q==</latexit>

✓

<latexit sha1_base64="GebhbndOaYG7gYgyiM/LVrVmkVU="></latexit>

hE+E+i+ hE�E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

<latexit sha1_base64="YEtdDZ6c5qUw6o5RjUSirpt5F0w="></latexit>

hE+E�i
hEtrEtri

<latexit sha1_base64="fXPfXRQBiE81rTeCN8GbbmUG1YE=">AAACRnicbVDLSgNBEOyN7/iKevQyGAUvhl0J6lHMxWMEo4IJYXa2Ewdnd5aZXjUs+QG/xqt+gb/gT3gTr04eBxMtaCiquunuClMlLfn+h1eYmZ2bX1hcKi6vrK6tlzY2r6zOjMCG0Eqbm5BbVDLBBklSeJMa5HGo8Dq8rw386wc0VurkknoptmLeTWRHCk5Oapd2m4RPlF8+6oO6lgmx2h03XYxYTRuDipM2tt8ulf2KPwT7S4IxKcMY9faGV2xGWmQxJiQUt/Y28FNq5dyQFAr7xWZmMeXinnfx1tGEx2hb+fCdPttzSsQ62rhyFw3V3xM5j63txaHrjDnd2WlvIP7rPY0WTGiRHSyZ1MJ46kLqnLRymaQZYSJGB3YyxUizQaYskgYFqZ4jXBjpfmTCxcgFueSLLr1gOqu/5OqwEhxVqhfV8unZOMdF2IYd2IcAjuEUzqEODRDwDC/wCm/eu/fpfXnfo9aCN57ZggkU4AcN9bHV</latexit>

Two-Point Charged Correlators

<latexit sha1_base64="EQNA2eKjiif5tKUfhcF8DMT3H9o=">AAACLXicbVDLSsNAFJ3UV62vVpdugkVwVRIp6rLoxmUF+4A2lMlk0g6dmcSZG2kJ/Q63+gV+jQtB3PobTtosbOuBgcM593LPHD/mTIPjfFqFjc2t7Z3ibmlv/+DwqFw5busoUYS2SMQj1fWxppxJ2gIGnHZjRbHwOe3447vM7zxTpVkkH2EaU0/goWQhIxiM5PWBTiDVoJgczgblqlNz5rDXiZuTKsrRHFSsUj+ISCKoBMKx1j3XicFLsQJGOJ2V+ommMSZjPKQ9QyUWVHvpPPXMPjdKYIeRMk+CPVf/bqRYaD0VvpkUGEZ61cvEf73J4sCSFujsyLLmi5WEEN54KZNxAlSSRcAw4TZEdladHTBFCfCpIZgoZv5okxFWmIApuGTac1e7Wifty5p7Vas/1KuN27zHIjpFZ+gCuegaNdA9aqIWIugJvaBX9Ga9Wx/Wl/W9GC1Y+c4JWoL18wvgy6ll</latexit>

string

<latexit sha1_base64="pKQtchqqxZ8bTjtb3ZomU1Mtw6s=">AAACNHicbVDLTsJAFJ3iC+sLcOmmkZi4Iq0h6pLoxiUm8kiAkOn0AhNm2mbm1kAafsWtfoH/YuLOuPUbHAoLAU8yycm5j3Pn+LHgGl33w8ptbe/s7uX37YPDo+OTQrHU1FGiGDRYJCLV9qkGwUNoIEcB7VgBlb6Alj++n9dbz6A0j8InnMbQk3QY8gFnFI3UL5S6CBPM9qQKglmazPqFsltxMzibxFuSMlmi3i9adjeIWCIhRCao1h3PjbGXUoWcCZjZ3URDTNmYDqFjaEgl6F6amc6cC6MEziBS5oXoZOrfiZRKrafSN52S4kiv1+biv7XJwmBFC/TcZFXz5dqFOLjtpTyME4SQLQ4cJMLByJkn6ARcAUMxNYQyxc0fHTaiijI0OdsmPW89q03SvKp415XqY7Vcu1vmmCdn5JxcEo/ckBp5IHXSIIxMyAt5JW/Wu/VpfVnfi9actZw5JSuwfn4BB0Or+A==</latexit>u

<latexit sha1_base64="rr3nzJVhds8uFefnaifF8DrTdDE=">AAACOnicbVDLSsNAFJ34rPXV6kZwEyyCq5JIUZdFNy4r2Ae0pUwmt+3QyYOZG2kJ8Wvc6hf4I27diVs/wEmahW09MHA493HuHCcUXKFlfRhr6xubW9uFneLu3v7BYal81FJBJBk0WSAC2XGoAsF9aCJHAZ1QAvUcAW1ncpfW208gFQ/8R5yF0PfoyOdDzihqaVA66SFMMdsTS3CTuOdQGUdJMihVrKqVwVwldk4qJEdjUDaKPTdgkQc+MkGV6tpWiP2YSuRMQFLsRQpCyiZ0BF1NfeqB6seZdWKea8U1h4HUz0czU/9OxNRTauY5utOjOFbLtVT8tzadGyxorkpNFjXHW7oQhzf9mPthhOCz+YHDSJgYmGmOpsslMBQzTSiTXP/RZGMqKUOddlGnZy9ntUpal1X7qlp7qFXqt3mOBXJKzsgFsck1qZN70iBNwsgzeSGv5M14Nz6NL+N73rpm5DPHZAHGzy+Eea69</latexit>

ū

<latexit sha1_base64="UcPycUpqPVPLXdTLNKARxXdiufY="></latexit>

d̄
<latexit sha1_base64="y48BPsPdfUwuL8e1xV6WBcecumg="></latexit>

d

<latexit sha1_base64="KptFR92BWtqaottDBf1RT5UGzgU="></latexit>

⇡+

<latexit sha1_base64="n+zitejHyyKnUk+AMkgU//UM67c="></latexit>

⇡�

<latexit sha1_base64="rn/No9bCLimlPOMkzrbPcZgsINY="></latexit>

hE+E�i, hE+E+i, hE�E�i, hEK+E⇡�i, hEK+E⇡+i, · · ·

0.001 0.005 0.010 0.050 0.100 0.500

0.2

0.4

0.6

0.8

1.0

1.2

<latexit sha1_base64="xPMoIDxKb40Eav+3H6iKandr2dg=">AAACMnicbVDLSgMxFM3U9/ia6tJNsAiuyoyIuhFFF4qrClaFtpRMequhmcyQ3JGWoX/iTvQL/Ac/QXQnbv0I08fCth4IHM65l3tywkQKg77/4eSmpmdm5+YX3MWl5ZVVL792beJUcyjzWMb6NmQGpFBQRoESbhMNLAol3ISt055/8wDaiFhdYSeBWsTulGgKztBKdc+rIrQxO5NprOgFYLfuFfyi3wedJMGQFI7e3MPk6d0t1fOOW23EPI1AIZfMmErgJ1jLmEbBJXTdamogYbzF7qBiqWIRmFrWj96lW1Zp0Gas7VNI++rfjYxFxnSi0E5GDO/NuNcT//XagwMjWsP0joxqYTSWEJsHtUyoJEVQfBCwmUqKMe31RxtCA0fZsYRxLewfKb9nmnG0Lbu2vWC8q0lyvVMM9oq7l0Hh+IQMME82yCbZJgHZJ8fknJRImXDyQB7JM3lxXp1P58v5HozmnOHOOhmB8/MLK2qtow==</latexit>

Gluon Jet
<latexit sha1_base64="LYlxpwbOiNIDymFTzDbKjb4nDF0=">AAACNnicbVC7SgNBFJ2N7/hK1E6RwSBYhV0RtRGCFloqmCgkIczO3k2GzD6YuSvGJaX/YatfkF+xsRMLGz/B2cTCRA8MHM65l3vmuLEUGm371cpNTc/Mzs0v5BeXlldWC8W1mo4SxaHKIxmpW5dpkCKEKgqUcBsrYIEr4cbtnmX+zR0oLaLwGnsxNAPWDoUvOEMjtQobceuanlDHthsI95jSc6j1W4WSXbaHoH+J80NKla3B1efj9uCyVbTyDS/iSQAhcsm0rjt2jM2UKRRcQj/fSDTEjHdZG+qGhiwA3UyH8ft01yge9SNlXoh0qP7eSFmgdS9wzWTAsKMnvUz817sfHRjTPJ0dGdfcYCIh+sfNVIRxghDyUUA/kRQjmnVIPaGAo+wZwrgS5o+Ud5hiHE3TedOeM9nVX1LbLzuH5YMrp1Q5JSPMk02yQ/aIQ45IhVyQS1IlnDyQJ/JMXqyB9Wa9Wx+j0Zz1s7NOxmB9fQOAvK5A</latexit>

pT = 100 GeV

<latexit sha1_base64="Siur6Xodc8fPY8siBy5ZcCv3mHw="></latexit>

confinement transition region
<latexit sha1_base64="L0uIhx8WLlaPflvjs5aLMV0Ps14=">AAACPnicbZDJSgNBEIZ74hbjluhRD41B8BRmJKjHoBePEcwCyRB6eipJk56F7pqQMOTi03jVJ/A1fAFv4tWjneVgEgsafr6/i6r6vVgKjbb9YWU2Nre2d7K7ub39g8OjfOG4rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7gfuo3hqC0iMInHMfgBqwXiq7gDA3q5M/aCCPTl8agMFGewUOgCnrGnXTyRbtkz4quC2chimRR1U7ByrX9iCcBhMgl07rl2DG6KVMouIRJrp1oiBkfsB60jAxZANpNZ2dM6IUhPu1GyrwQ6Yz+7UhZoPU48MzPgGFfr3pT+K83mg9YYr6eDllmXrCyIXZv3VSEcYIQ8vmC3URSjOg0S+oLBRzl2AjGlTA3Ut5ninE0iedMes5qVuuiflVyrkvlx3KxcrfIMUtOyTm5JA65IRXyQKqkRjh5Ji/klbxZ79an9WV9z79mrEXPCVkq6+cXiUWwMw==</latexit>

perturbative region
<latexit sha1_base64="Siur6Xodc8fPY8siBy5ZcCv3mHw="></latexit>

confinement transition region
<latexit sha1_base64="L0uIhx8WLlaPflvjs5aLMV0Ps14=">AAACPnicbZDJSgNBEIZ74hbjluhRD41B8BRmJKjHoBePEcwCyRB6eipJk56F7pqQMOTi03jVJ/A1fAFv4tWjneVgEgsafr6/i6r6vVgKjbb9YWU2Nre2d7K7ub39g8OjfOG4rqNEcajxSEaq6TENUoRQQ4ESmrECFngSGt7gfuo3hqC0iMInHMfgBqwXiq7gDA3q5M/aCCPTl8agMFGewUOgCnrGnXTyRbtkz4quC2chimRR1U7ByrX9iCcBhMgl07rl2DG6KVMouIRJrp1oiBkfsB60jAxZANpNZ2dM6IUhPu1GyrwQ6Yz+7UhZoPU48MzPgGFfr3pT+K83mg9YYr6eDllmXrCyIXZv3VSEcYIQ8vmC3URSjOg0S+oLBRzl2AjGlTA3Ut5ninE0iedMes5qVuuiflVyrkvlx3KxcrfIMUtOyTm5JA65IRXyQKqkRjh5Ji/klbxZ79an9WV9z79mrEXPCVkq6+cXiUWwMw==</latexit>

perturbative region

KL, Moult `23

31

CONFINEMENT TRANSITION
<latexit sha1_base64="CzS2xzC14/a543YxCmDTvrazHCw="></latexit>

hE+(~n1)E�(~n2)i3.
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Clustering model
(Herwig)

DISCRIMINATING HADRONIZATION 
MECHANISMS

Lund string model 
(Pythia)

• Two-point charged correlators already nontrivially probe the two 
hadronization mechanisms by eye, and pave the path to go even beyond!

<latexit sha1_base64="jtxSzZLfk31uugBCZAeUxfy+bfI="></latexit>

Two-Point Kaon-Pion Correlators

<latexit sha1_base64="r6tgYQQPzRiOz+EG221XCsOMXF8="></latexit>

hEK+E⇡�i
hEK+E⇡�i+ hEK+E⇡+i

<latexit sha1_base64="ZOI+xi3wcv8OywguMb8RbZf768U="></latexit>

hEK+E⇡+i
hEK+E⇡�i+ hEK+E⇡+i

<latexit sha1_base64="rUFWIdPAgW8w0uidbO1U7RMxlOI="></latexit>

Herwig

<latexit sha1_base64="RAvaE1zKor5WksbZJe6mz9LKWMo="></latexit>

Pythia

<latexit sha1_base64="rUFWIdPAgW8w0uidbO1U7RMxlOI="></latexit>

Herwig

<latexit sha1_base64="RAvaE1zKor5WksbZJe6mz9LKWMo="></latexit>

Pythia

<latexit sha1_base64="4Bo8T9FoyKQlAUHBnZloU7DT0DU="></latexit>

pT � 600 GeV

0.001 0.005 0.010 0.050 0.100 0.500 1
0.3

0.4

0.5

0.6

0.7

<latexit sha1_base64="ns25WudzjRgxA2SUiN/VYEZtbSI="></latexit>

⇡�K+ Clustering

<latexit sha1_base64="mH5hf3yMpcOcR8Ohymcyjsl1w0o="></latexit>

⇡�K+ Lund string

KL, Moult, Song, Sterman

32

See also Chien, Deshpande, Mondal, Sterman

<latexit sha1_base64="AHcRSIfXmrwB4Z7TJxvSaSI0dDI="></latexit>

hE⇡�(~n1)EK+(~n2)i3.
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<latexit sha1_base64="V8cAB+QD5twLHl7kqPUWP+w1bi8="></latexit>

hE(~n1)E(~n2)i
<latexit sha1_base64="X5YF+UlU9+AZjykH9lcYYMtOfXg="></latexit>

H = Beauty Hadrons

<latexit sha1_base64="G0ixa6GO04HPSE6fi0U2YAFd45I="></latexit>

H = Charm Hadrons

<latexit sha1_base64="z8C2KwqIA2H0NbW15sKcnkVJW5c=">AAACS3icbVC7TsMwFHUKhVJeLR1ZLCokpipBqDBWsDAWiT6kJqocx2mt2k5kO4go6rewwsfwAXwHG2LAaTOQwpEsHZ9zr+/18WNGlbbtD6uytV3d2a3t1fcPDo+OG82ToYoSickARyySYx8pwqggA001I+NYEsR9Rkb+4i73R09EKhqJR53GxONoJmhIMdJGmjZabigRzpxl1rXtpaspJ2raaNsdewX4lzgFaYMC/WnTgm4Q4YQToTFDSk0cO9ZehqSmmJFl3U0UiRFeoBmZGCqQmeJlq+2X8NwoAQwjaY7QcKX+7sgQVyrlvqnkSM/VppeL/3rP6wElLVD5kLLm8/I9f0mqUG3srcMbL6MiTjQReL12mDCoI5gHCwMqCdYsNQRhSc3PIZ4jE6428ddNps5mgn/J8LLjdDvdh6t277ZItwZOwRm4AA64Bj1wD/pgADBIwQt4BW/Wu/VpfVnf69KKVfS0QAmV6g8l1LO1</latexit>

1

600
⇥

<latexit sha1_base64="zNV2LfjIBQzVTy8NU9WTNjnLQ10="></latexit>

hEH(~n1)EH(~n2)i

<latexit sha1_base64="n1ksBS1wbAeWxr2/K3a3DaYvMnw="></latexit>

Ratio of D0/B0 pairs compared to all D/B pairs

<latexit sha1_base64="dEFeV8G3VfYE1aN3TYEgAvCkYjE="></latexit>

R = 1,
p
s = 5.02 TeV

pT � 200 GeV , |⌘| < 1.9

<latexit sha1_base64="V8cAB+QD5twLHl7kqPUWP+w1bi8="></latexit>

hE(~n1)E(~n2)i
<latexit sha1_base64="X5YF+UlU9+AZjykH9lcYYMtOfXg="></latexit>

H = Beauty Hadrons

<latexit sha1_base64="G0ixa6GO04HPSE6fi0U2YAFd45I="></latexit>

H = Charm Hadrons

<latexit sha1_base64="z8C2KwqIA2H0NbW15sKcnkVJW5c=">AAACS3icbVC7TsMwFHUKhVJeLR1ZLCokpipBqDBWsDAWiT6kJqocx2mt2k5kO4go6rewwsfwAXwHG2LAaTOQwpEsHZ9zr+/18WNGlbbtD6uytV3d2a3t1fcPDo+OG82ToYoSickARyySYx8pwqggA001I+NYEsR9Rkb+4i73R09EKhqJR53GxONoJmhIMdJGmjZabigRzpxl1rXtpaspJ2raaNsdewX4lzgFaYMC/WnTgm4Q4YQToTFDSk0cO9ZehqSmmJFl3U0UiRFeoBmZGCqQmeJlq+2X8NwoAQwjaY7QcKX+7sgQVyrlvqnkSM/VppeL/3rP6wElLVD5kLLm8/I9f0mqUG3srcMbL6MiTjQReL12mDCoI5gHCwMqCdYsNQRhSc3PIZ4jE6428ddNps5mgn/J8LLjdDvdh6t277ZItwZOwRm4AA64Bj1wD/pgADBIwQt4BW/Wu/VpfVnf69KKVfS0QAmV6g8l1LO1</latexit>

1

600
⇥

<latexit sha1_base64="zNV2LfjIBQzVTy8NU9WTNjnLQ10="></latexit>

hEH(~n1)EH(~n2)i

<latexit sha1_base64="n1ksBS1wbAeWxr2/K3a3DaYvMnw="></latexit>

Ratio of D0/B0 pairs compared to all D/B pairs

<latexit sha1_base64="dEFeV8G3VfYE1aN3TYEgAvCkYjE="></latexit>

R = 1,
p
s = 5.02 TeV

pT � 200 GeV , |⌘| < 1.9

<latexit sha1_base64="rlzY2l9NSJ/RxgkPDNMXpMIOFyk=">AAACO3icbVBNT8IwGG7xC/EL9OilkZh4Ipsx6JHoxSMmDkhgIV3XQUPbLW1nJITf4FV/jD/Eszfj1bsd7ODAN2n69Hm/nj5Bwpk2jvMBSxubW9s75d3K3v7B4VG1dtzRcaoI9UjMY9ULsKacSeoZZjjtJYpiEXDaDSZ3Wb77RJVmsXw004T6Ao8kixjBxlKe03AcZ1itL24baB24OaiDPNrDGkSDMCapoNIQjrXuu05i/BlWhhFO55VBqmmCyQSPaN9CiQXV/myhdo7OLROiKFb2SIMW7N+OGRZaT0VgKwU2Y72ay8h/c8/LBQUu1NmSIheI4jubpHSkV3Sb6MafMZmkhkqylB2lHJkYZUaikClKDJ9agIli9ueIjLHCxFi7K9ZTd9XBddC5bLjNRvPhqt66zd0tg1NwBi6AC65BC9yDNvAAAQy8gFfwBt/hJ/yC38vSEsx7TkAh4M8v90OtuA==</latexit>

0.000

4.
<latexit sha1_base64="lbwv7XnZ83/6ZY1d5sT7+X29XHM="></latexit>

hEH(~n1)EH̄(~n2)i PROFILING PARTONIC SPLITTING

• At leading order, enhanced sensitivity  
to  splitting. 

• Mass effects clearly seen

g → QQ̄

33

Barata, Brewer, KL, Silva `25
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4.
<latexit sha1_base64="lbwv7XnZ83/6ZY1d5sT7+X29XHM="></latexit>

hEH(~n1)EH̄(~n2)i

• Ability to clearly tag  splitting 
gives access to see how it is modified in thermal QGP

g → QQ̄

PROFILING PARTONIC SPLITTING

34

Barata, Brewer, KL, Silva `25

<latexit sha1_base64="Cis423v+MsxxlUM6gyBEH/6FMnQ="></latexit>

�

<latexit sha1_base64="mgr/V5o2HkGZ26tt/zrN7U+KMjA="></latexit>

P (med)
g!gg

<latexit sha1_base64="mgr/V5o2HkGZ26tt/zrN7U+KMjA="></latexit>

P (med)
g!gg

θ

µ

0.01

0.1

0.5

¡

0

º
2

º

3º
2

2º

0.90

0.95

1.00

1.05

1.10

<latexit sha1_base64="seN5hyyzh+sxTuQzanRueozLIg4=">AAACQ3icbVC7TsMwFLXLq5RXCyOLRYXEVCUVKowVLIxFog+pjSrHcVqrdhJsB1FF+Q5W+Bg+gm9gQ6xIOG0G0nIlS8fn3Ot7fNyIM6Ut6wOWNja3tnfKu5W9/YPDo2rtuKfCWBLaJSEP5cDFinIW0K5mmtNBJCkWLqd9d3ab6f0nKhULgwc9j6gj8CRgPiNYG8oZ+RKTZBSxNGmm42rdaliLQuvAzkEd5NUZ1yAaeSGJBQ004VipoW1F2kmw1IxwmlZGsaIRJjM8oUMDAyyocpKF6xSdG8ZDfijNCTRasH8nEiyUmgvXdAqsp2pVy8h/teflggLnqWxJkXNF8Z69JJWvVnxr/9pJWBDFmgZkaduPOdIhygJFHpOUaD43ABPJzM8RmWITqzaxV0ym9mqC66DXbNitRuv+st6+ydMtg1NwBi6ADa5AG9yBDugCAh7BC3gFb/AdfsIv+L1sLcF85gQUCv78Ajyhsmk=</latexit>⇡

2
<latexit sha1_base64="YZqlCaAABWmLfdvh8OkzcjbKkQQ=">AAACOXicbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsYi6ENqo8pxnNaq7US2g6iifgIrfAxfwsiGWPkBnDYDKVzJ0vE59/oeHz/mTBvHeYeltfWNza3ydmVnd2//oFo77OooUYR2SMQj1fexppxJ2jHMcNqPFcXC57TnT28yvfdIlWaRfDCzmHoCjyULGcHGUvfDmI2qdafhLAr9BW4O6iCv9qgG0TCISCKoNIRjrQeuExsvxcowwum8Mkw0jTGZ4jEdWCixoNpLF17n6NQyAQojZY80aMH+nkix0HomfNspsJnoVS0j/9WelgsKXKCzJUXOF8V79pLSoV7xbcIrL2UyTgyVZGk7TDgyEcpiRAFTlBg+swATxezPEZlghYmxYVdspu5qgn9B97zhNhvNu4t66zpPtwyOwQk4Ay64BC1wC9qgAwgYg2fwAl7hG/yAn/Br2VqC+cwRKBT8/gEtta3r</latexit>⇡

<latexit sha1_base64="A3lVr2FnFByO5WQ3+IH2lpzETyk=">AAACRHicbVC7TsMwFLV5lvJqYWSxqJCYqqSgwljBwlgk+pCaUDmu01p1nMh2EFWU/2CFj+Ef+Ac2xIpw2gyk5UqWjs+51/f4eBFnSlvWB1xb39jc2i7tlHf39g8OK9WjrgpjSWiHhDyUfQ8rypmgHc00p/1IUhx4nPa86W2m956oVCwUD3oWUTfAY8F8RrA21KPjS0ySCydiadJIh5WaVbfmhVaBnYMayKs9rELkjEISB1RowrFSA9uKtJtgqRnhNC07saIRJlM8pgMDBQ6ocpO57RSdGWaE/FCaIzSas38nEhwoNQs80xlgPVHLWkb+qz0vFhS4kcqWFDkvKN6zl6Ty1ZJv7V+7CRNRrKkgC9t+zJEOUZYoGjFJieYzAzCRzPwckQk2uWqTe9lkai8nuAq6jbrdrDfvL2utmzzdEjgBp+Ac2OAKtMAdaIMOIECCF/AK3uA7/IRf8HvRugbzmWNQKPjzC8LNsqY=</latexit>

3⇡

2

<latexit sha1_base64="UFafRlzgt6o8sLKQSqgCyfbXRDA=">AAACOnicbVC7TsMwFLV5lvJqYWSxqJCYqqRChbGChbFI9CG1UeU4TmvVdiLbQVRRf4EVPoYfYWVDrHwATpuBtFzJ0vE59/oeHz/mTBvH+YAbm1vbO7ulvfL+weHRcaV60tVRogjtkIhHqu9jTTmTtGOY4bQfK4qFz2nPn95leu+JKs0i+WhmMfUEHksWMoJNRjWGMRtVak7dWRRaB24OaiCv9qgK0TCISCKoNIRjrQeuExsvxcowwum8PEw0jTGZ4jEdWCixoNpLF2bn6MIyAQojZY80aMH+nUix0HomfNspsJnoVS0j/9WelwsKXKCzJUXOF8V79pLSoV7xbcIbL2UyTgyVZGk7TDgyEcpyRAFTlBg+swATxezPEZlghYmxaZdtpu5qguug26i7zXrz4arWus3TLYEzcA4ugQuuQQvcgzboAAIm4AW8gjf4Dj/hF/xetm7AfOYUFAr+/AKuuK4n</latexit>

2⇡
<latexit sha1_base64="i+9bnGGlc1m/9xcKBlm9wHZUg7k=">AAACN3icbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsZWog+pjSrHcVqrthPZDqKK+gWs8DF8ChMbYuUPcNoMpHAlS8fn3Ot7fPyYM20c5x2WNja3tnfKu5W9/YPDo2rtuKejRBHaJRGP1MDHmnImadcww+kgVhQLn9O+P7vL9P4jVZpF8sHMY+oJPJEsZAQbS3WccbXuNJxlob/AzUEd5NUe1yAaBRFJBJWGcKz10HVi46VYGUY4XVRGiaYxJjM8oUMLJRZUe+nS6QKdWyZAYaTskQYt2d8TKRZaz4VvOwU2U72uZeS/2tNqQYELdLakyPmieM9eUjrUa75NeOOlTMaJoZKsbIcJRyZCWYgoYIoSw+cWYKKY/TkiU6wwMTbqis3UXU/wL+hdNtxmo9m5qrdu83TL4BScgQvggmvQAvegDbqAAAqewQt4hW/wA37Cr1VrCeYzJ6BQ8PsHBeis0g==</latexit>

0
<latexit sha1_base64="h+tc5zZNFrdojtiwKas2KfUTaB8=">AAACOnicbVC7TsMwFLXLq5RXCyOLRYXEVCUIFcYKFsYi0YfURpXjOI1V24lsB1FV/QVW+Bh+hJUNsfIBOG0G0nIlS8fn3Ot7fPyEM20c5wOWNja3tnfKu5W9/YPDo2rtuKvjVBHaITGPVd/HmnImaccww2k/URQLn9OeP7nL9N4TVZrF8tFME+oJPJYsZASbjBomERtV607DWRRaB24O6iCv9qgG0TCISSqoNIRjrQeukxhvhpVhhNN5ZZhqmmAywWM6sFBiQbU3W5ido3PLBCiMlT3SoAX7d2KGhdZT4dtOgU2kV7WM/Fd7Xi4ocIHOlhQ5XxTv2UtKh3rFtwlvvBmTSWqoJEvbYcqRiVGWIwqYosTwqQWYKGZ/jkiEFSbGpl2xmbqrCa6D7mXDbTaaD1f11m2ebhmcgjNwAVxwDVrgHrRBBxAQgRfwCt7gO/yEX/B72VqC+cwJKBT8+QUR565d</latexit>

�

<latexit sha1_base64="ho62c2HY+MujPSS3K4660n8b4P8="></latexit>⌦
 aniso

N

�� EH (~n1) EH (~n2)
�� aniso

N

↵

h N |EH (~n1) EH (~n2) | N i

<latexit sha1_base64="2CXUy4qjIeQF8v4CGz1UmnOT/nc=">AAACS3icbVDLTgIxFO2gKOILZOmmkZi4IjPGoEuiC11iwithJqRT7kBDOzO2HSOZ8C1u9WP8AL/DnXFhB1gIeJMmp+fc23t6/JgzpW3708ptbed3dgt7xf2Dw6PjUvmko6JEUmjTiEey5xMFnIXQ1kxz6MUSiPA5dP3JXaZ3n0EqFoUtPY3BE2QUsoBRog01KFXiQcsdwRN2bNuVIr2HzmxQqto1e154EzhLUEXLag7KFnaHEU0EhJpyolTfsWPtpURqRjnMim6iICZ0QkbQNzAkApSXzt3P8LlhhjiIpDmhxnP270RKhFJT4ZtOQfRYrWsZ+a/2sliwwg1VtmSV88XqPXtJqkCt+dbBjZeyME40hHRhO0g41hHOgsVDJoFqPjWAUMnMzzEdE0moNvEXTabOeoKboHNZc+q1+uNVtXG7TLeATtEZukAOukYN9ICaqI0omqJX9IberQ/ry/q2fhatOWs5U0Erlcv/AiLZsyo=</latexit>

pT � 100GeV

<latexit sha1_base64="q5pQvZgjtGKcH3h+ORtwwRHqOAQ="></latexit>

q̂ = 1.25 GeV2/fm , L = 4 fm

<latexit sha1_base64="s27qyKhuvFMcWoQEvaa082zyzbE=">AAACQHicbVC7TsMwFHXKq5RXCyOLRYXEFCUIFRakChbGItGHaKvKcZzWquNE9g2iivoXrPAx/AV/wIZYmXDaDqTlSpaOz7nX9/h4seAaHOfDKqytb2xuFbdLO7t7+wflymFLR4mirEkjEamORzQTXLImcBCsEytGQk+wtje+zfT2E1OaR/IBJjHrh2QoecApAUM99mDEgFw7tjsoVx3bmRVeBe4CVNGiGoOKhXt+RJOQSaCCaN11nRj6KVHAqWDTUi/RLCZ0TIasa6AkIdP9dGZ5ik8N4+MgUuZIwDP270RKQq0noWc6QwIjvaxl5L/a83xBjvN1tiTPeWH+nr2kdKCXfENw1U+5jBNgks5tB4nAEOEsTexzxSiIiQGEKm5+jumIKELBZF4ymbrLCa6C1rnt1uza/UW1frNIt4iO0Qk6Qy66RHV0hxqoiSiS6AW9ojfr3fq0vqzveWvBWswcoVxZP7/4/rA6</latexit>

✓ = 0.1

<latexit sha1_base64="RPxdAgyXl5t416oYJCcG35mR+uk=">AAACTXicbVFNS8MwGE7nx+b82hRPXoJD8DRblelFGHrxOMF9wFZKmqVbMGlrkspK2Y/xqj/Gsz/Em4jpVsFuvhB48rxfT564IaNSmeaHUVhZXVsvljbKm1vbO7uV6l5HBpHApI0DFoieiyRh1CdtRRUjvVAQxF1Guu7jbZrvPhMhaeA/qDgkNkcjn3oUI6Upp3IwGCOVPE2d+PQXTa7PnUrNrJuzgMvAykANZNFyqgYcDAMcceIrzJCUfcsMlZ0goShmZFoeRJKECD+iEelr6CNOpJ3M9E/hsWaG0AuEPr6CM/ZvR4K4lDF3dSVHaiwXcyn5b24yX5DjhjJdkudcnr+nk4T05IJu5V3ZCfXDSBEfz2V7EYMqgKm1cEgFwYrFGiAsqH45xGMkEFb6A8raU2vRwWXQOatbjXrj/qLWvMncLYFDcAROgAUuQRPcgRZoAwwS8AJewZvxbnwaX8b3vLRgZD37IBeF4g+dVrTu</latexit>

q̂y/q̂x = 3

<latexit sha1_base64="hb0cA+E5j8qm7ncMT+twqxPOEFo=">AAACTnicbVFdS8MwFE3n15xfm4IvvgSH4NNsRaYvwtAXHye4D9hKSbN0C0vamqSyUvdnfNUf46t/xDfRdKtgNy8ETs65N/feEzdkVCrT/DAKK6tr6xvFzdLW9s7uXrmy35ZBJDBp4YAFousiSRj1SUtRxUg3FARxl5GOO75N9c4TEZIG/oOKQ2JzNPSpRzFSmnLKh/0RUsnj1InPftHk2jKdctWsmbOAy8DKQBVk0XQqBuwPAhxx4ivMkJQ9ywyVnSChKGZkWupHkoQIj9GQ9DT0ESfSTmYLTOGJZgbQC4Q+voIz9m9FgriUMXd1JkdqJBe1lPxXm8wb5LiBTJvkOZfn7+lLQnpyYW7lXdkJ9cNIER/Px/YiBlUAU2/hgAqCFYs1QFhQvTnEIyQQVvoHStpTa9HBZdA+r1n1Wv3+otq4ydwtgiNwDE6BBS5BA9yBJmgBDJ7BC3gFb8a78Wl8Gd/z1IKR1RyAXBSKPx8ZtSY=</latexit>

q̂y/q̂x = 10
<latexit sha1_base64="RPxdAgyXl5t416oYJCcG35mR+uk=">AAACTXicbVFNS8MwGE7nx+b82hRPXoJD8DRblelFGHrxOMF9wFZKmqVbMGlrkspK2Y/xqj/Gsz/Em4jpVsFuvhB48rxfT564IaNSmeaHUVhZXVsvljbKm1vbO7uV6l5HBpHApI0DFoieiyRh1CdtRRUjvVAQxF1Guu7jbZrvPhMhaeA/qDgkNkcjn3oUI6Upp3IwGCOVPE2d+PQXTa7PnUrNrJuzgMvAykANZNFyqgYcDAMcceIrzJCUfcsMlZ0goShmZFoeRJKECD+iEelr6CNOpJ3M9E/hsWaG0AuEPr6CM/ZvR4K4lDF3dSVHaiwXcyn5b24yX5DjhjJdkudcnr+nk4T05IJu5V3ZCfXDSBEfz2V7EYMqgKm1cEgFwYrFGiAsqH45xGMkEFb6A8raU2vRwWXQOatbjXrj/qLWvMncLYFDcAROgAUuQRPcgRZoAwwS8AJewZvxbnwaX8b3vLRgZD37IBeF4g+dVrTu</latexit>

q̂y/q̂x = 3
<latexit sha1_base64="HBkoqIQ8zQZZEixu6bKsomexdPM=">AAACT3icbZG7TsMwFIadcGvLrYWBgcWiQmIKCYLCglTBwlgkepHaqnIcp7XqXLAd1CjK07DCwzDyJGwIpw0SaTmSpc//sX3O+W2HjAppmp+avra+sblVKle2d3b39qu1g44IIo5JGwcs4D0bCcKoT9qSSkZ6ISfIsxnp2tP7LN99IVzQwH+ScUiGHhr71KUYSSWNqkeDCZLJczqKz39pdmsZV6Nq3TTMecBVsHKogzxao5oGB06AI4/4EjMkRN8yQzlMEJcUM5JWBpEgIcJTNCZ9hT7yiBgm8wlSeKoUB7oBV8uXcK7+vZEgT4jYs9VJD8mJWM5l4r+52aJAQXNEVqSo2V5xn73EhSuW+pbuzTChfhhJ4uNF227EoAxgZi50KCdYslgBwpyqySGeII6wVF9QUZ5ayw6uQufCsBpG4/Gy3rzL3S2BY3ACzoAFrkETPIAWaAMMUvAK3sC79qF9ad96flTXcjgEhdDLP4k+tGQ=</latexit>

q̂y/q̂x = 1.5

<latexit sha1_base64="G0ixa6GO04HPSE6fi0U2YAFd45I="></latexit>

H = Charm Hadrons

<latexit sha1_base64="ssv2gajxV87NVJMnRs7pHJDhCHM="></latexit>

100
<latexit sha1_base64="qSMLpBNt1IBz5AQhpqEPE0pJt5k="></latexit>

10�2
<latexit sha1_base64="PlFMvXDkqOJ7MRfPEdTE6IaYVd8="></latexit>

10�4

●

●
●

●

●

●
●

●

●

●

●
●

●
●

●
<latexit sha1_base64="Zhan+iE4ORa1DxlgLv5tLp619kI="></latexit>

10�6
<latexit sha1_base64="rX6ENYcWAhk4gdEJbeH8CqyVwqI="></latexit>

10�8

<latexit sha1_base64="FDOssBgrNC7R5VkzDvTba7Yd3X4="></latexit>

vEEC
n /vEEC

0



Kyle Lee /35

GENERALIZING ENERGY FLOW CORRELATIONS

• Writing down more general detectors allows us to systematically consider more general correlations!
KL, Moult `23

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10 10
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10 5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
32

s?
<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>

10
1
0
yr

<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>

10
5
yr

<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>

10 �
3
2
s?

<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+
<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�

<latexit sha1_base64="q77Iv+4jlgCRY9FeAvwg1WpmfRY=">AAACNHicbVDLTgIxFO34RHwBLt00EhM3khlD1CXRjUtM5JEAIZ3OBRo6j7R3DGTCr7jVL/BfTNwZt36DnYGFgCdpcnLu49weN5JCo21/WBubW9s7u7m9/P7B4dFxoVhq6jBWHBo8lKFqu0yDFAE0UKCEdqSA+a6Elju+T+utZ1BahMETTiPo+WwYiIHgDI3UL5S6CBPM9iQKvFlyOesXynbFzkDXibMgZbJAvV+08l0v5LEPAXLJtO44doS9hCkUXMIs3401RIyP2RA6hgbMB91LMtMZPTeKRwehMi9Amql/JxLmaz31XdPpMxzp1Voq/lubzA2WNE+nJsua669ciIPbXiKCKEYI+PzAQSwphjRNkHpCAUc5NYRxJcwfKR8xxTianPMmPWc1q3XSvKo415XqY7Vcu1vkmCOn5IxcEIfckBp5IHXSIJxMyAt5JW/Wu/VpfVnf89YNazFzQpZg/fwCicSrsA==</latexit>�
<latexit sha1_base64="Th6STERPx95SbsmgzqMftNvdnf0=">AAACNHicbVDLSgMxFM34rPXV1qWbYBEEocxIUZdFNy4r2Ae0pWQyt21o5kFyR1qG/opb/QL/RXAnbv0GM9MubOuBwOHcx7k5biSFRtv+sDY2t7Z3dnN7+f2Dw6PjQrHU1GGsODR4KEPVdpkGKQJooEAJ7UgB810JLXd8n9Zbz6C0CIMnnEbQ89kwEAPBGRqpXyh1ESaY7UkUeLPkctYvlO2KnYGuE2dBymSBer9o5bteyGMfAuSSad1x7Ah7CVMouIRZvhtriBgfsyF0DA2YD7qXZKYzem4Ujw5CZV6ANFP/TiTM13rqu6bTZzjSq7VU/Lc2mRssaZ5OTZY111+5EAe3vUQEUYwQ8PmBg1hSDGmaIPWEAo5yagjjSpg/Uj5iinE0OedNes5qVuukeVVxrivVx2q5drfIMUdOyRm5IA65ITXyQOqkQTiZkBfySt6sd+vT+rK+560b1mLmhCzB+vkFhkirrg==</latexit>+

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+ <latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="bYKlJrVQEtWMJp8h6mEYsISpg4Y=">AAACJXicbVDNSgMxGEzqX13/Wj16CRZBEMquFPVY9OKxgtsW2rVks9k2NJtdkqxYlj6DV30Cn8abCJ58FbPtHmzrQGCY+T6+yfgJZ0rb9jcsra1vbG6Vt62d3b39g0r1sK3iVBLqkpjHsutjRTkT1NVMc9pNJMWRz2nHH9/mfueJSsVi8aAnCfUiPBQsZARrI7n9hD2eDyo1u27PgFaJU5AaKNAaVKHVD2KSRlRowrFSPcdOtJdhqRnhdGr1U0UTTMZ4SHuGChxR5WWztFN0apQAhbE0T2g0U/9uZDhSahL5ZjLCeqSWvVz813ueH1jQApUfWdT8aCmhDq+9jIkk1VSQecAw5UjHKK8MBUxSovnEEEwkM39EZIQlJtoUa5n2nOWuVkn7ou5c1hv3jVrzpuixDI7BCTgDDrgCTXAHWsAFBDDwAl7BG3yHH/ATfs1HS7DYOQILgD+/vYqlIw==</latexit>

⇡+
<latexit sha1_base64="Je507u6uH49FdOOg0Fz3x6qlUp8=">AAACJXicbVDNSgMxGEzqX13/Wj16CRbBi2VXinosevFYwW0L7Vqy2Wwbms0uSVYsS5/Bqz6BT+NNBE++itl2D7Z1IDDMfB/fZPyEM6Vt+xuW1tY3NrfK29bO7t7+QaV62FZxKgl1Scxj2fWxopwJ6mqmOe0mkuLI57Tjj29zv/NEpWKxeNCThHoRHgoWMoK1kdx+wh7PB5WaXbdnQKvEKUgNFGgNqtDqBzFJIyo04VipnmMn2suw1IxwOrX6qaIJJmM8pD1DBY6o8rJZ2ik6NUqAwliaJzSaqX83MhwpNYl8MxlhPVLLXi7+6z3PDyxogcqPLGp+tJRQh9dexkSSairIPGCYcqRjlFeGAiYp0XxiCCaSmT8iMsISE22KtUx7znJXq6R9UXcu6437Rq15U/RYBsfgBJwBB1yBJrgDLeACAhh4Aa/gDb7DD/gJv+ajJVjsHIEFwJ9fwQSlJQ==</latexit>

⇡�

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

<latexit sha1_base64="k09VHOZNHi7rKuRLOPEobCMjHps=">AAACJXicbVDNSgMxGEzqX61/rR69BIvgqeyKqMeiF48V3LbQriWbzbahSXZJsmJZ+gxe9Ql8Gm8iePJVzLZ7sK0DgWHm+/gmEyScaeM437C0tr6xuVXeruzs7u0fVGuHbR2nilCPxDxW3QBrypmknmGG026iKBYBp51gfJv7nSeqNIvlg5kk1Bd4KFnECDZW8voJe3QG1brTcGZAq8QtSB0UaA1qsNIPY5IKKg3hWOue6yTGz7AyjHA6rfRTTRNMxnhIe5ZKLKj2s1naKTq1SoiiWNknDZqpfzcyLLSeiMBOCmxGetnLxX+95/mBBS3U+ZFFLRBLCU107WdMJqmhkswDRilHJkZ5ZShkihLDJ5Zgopj9IyIjrDAxttiKbc9d7mqVtM8b7mXj4v6i3rwpeiyDY3ACzoALrkAT3IEW8AABDLyAV/AG3+EH/IRf89ESLHaOwALgzy/GO6Uo</latexit>

⇡0

• By asking the right questions, one can let confinement do its magic!

Gonzalez, KL, Moult
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<latexit sha1_base64="Ky6AJZkZNi5o1E5GoGspgDbW8io="></latexit>

h |OR1
JL1

(~n1) · · ·ORN
JLN

(~nN )| i



Kyle Lee

Let us explore the landscape of well-defined detectors and 
study its correlations!

<latexit sha1_base64="UZZ54nt6oK0gtTu7E2tM62vbQMI=">AAACP3icbVDJSgNBEO2JW4xbokcRGoPgxTAjQT0GvXiMYBZIQujpqUma9Cx010jCkJNf41W/wM/wC7yJV292loNJfNDweK+qq+q5sRQabfvDyqytb2xuZbdzO7t7+wf5wmFdR4niUOORjFTTZRqkCKGGAiU0YwUscCU03MHdxG88gdIiCh9xFEMnYL1Q+IIzNFI3f9JGGGLaACkvPPDNLx71AIFjpPS4my/aJXsKukqcOSmSOardgpVrexFPAgiRS6Z1y7Fj7KRMoeASxrl2oiFmfMB60DI0ZAHoTjq9Y0zPjOJRP1LmhUin6t+OlAVajwLXVAYM+3rZm4j/esPZgAXN05Mhi5obLG2I/k0nFWGcIIR8tqCfSIoRnYRJPaFMUnJkCONKmBsp7zPFOJrIcyY9ZzmrVVK/LDlXpfJDuVi5neeYJcfklJwTh1yTCrknVVIjnDyTF/JK3qx369P6sr5npRlr3nNEFmD9/AJ2AbAc</latexit>

Well-defined detectors

<latexit sha1_base64="rG+saEgFRN8O5YfI5VXIr6+ZoHM=">AAACOHicbVDJSgNBEO1xjeOWKHjx0hgET2FGgnqMevEYwSyQhNDTqUma9Cx014SEMT/jVb/AP/HmTbz6BXaWg0l8UPB4r4qqel4shUbH+bDW1jc2t7YzO/bu3v7BYTZ3VNVRojhUeCQjVfeYBilCqKBACfVYAQs8CTWvfz/xawNQWkThE45iaAWsGwpfcIZGamdPmghDTG+lpJGnQQ2YmdTjdjbvFJwp6Cpx5yRP5ii3c5bd7EQ8CSBELpnWDdeJsZUyhYJLGNvNREPMeJ91oWFoyALQrXT6wJieG6VD/UiZCpFO1b8TKQu0HgWe6QwY9vSyNxH/9YazBQtaR0+WLGpesHQh+jetVIRxghDy2YF+IilGdJIi7QgFHOXIEMaVMD9S3mOKcTRZ2yY9dzmrVVK9LLhXheJjMV+6m+eYIafkjFwQl1yTEnkgZVIhnDyTF/JK3qx369P6sr5nrWvWfOaYLMD6+QWGPq0q</latexit>

All observables

<latexit sha1_base64="DZfMtpK8QXIdphPKWxP8EhgGAaU=">AAACMXicbVDLTgJBEJzFF+ID0KOXicTEE9k1Rj0SuegNjTwSIGR26IUJs4/M9BrIhi/xql/g13AzXv0JB9iDgJVMUqnqTteUG0mh0bZnVmZre2d3L7ufOzg8Os4XiicNHcaKQ52HMlQtl2mQIoA6CpTQihQw35XQdEfVud98BaVFGLzgJIKuzwaB8ARnaKReId9BGGPy+Fylmnkw7RVKdtlegG4SJyUlkqLWK1q5Tj/ksQ8Bcsm0bjt2hN2EKRRcwjTXiTVEjI/YANqGBswH3U0Wyaf0wih96oXKvADpQv27kTBf64nvmkmf4VCve3PxX2+8PLCi9fX8yKrm+msJ0bvrJiKIYoSALwN6saQY0nl9tC8UcJQTQxhXwvyR8iFTjKMpOWfac9a72iSNq7JzU75+ui5V7tMes+SMnJNL4pBbUiEPpEbqhJOYvJF38mF9WjPry/pejmasdOeUrMD6+QW7JKmw</latexit>

IRC safe
<latexit sha1_base64="TdKeniFvj32lDKv73v/MaO0ZRO0=">AAACP3icbVDLSsNAFJ3UV62vVpciBIvgqiRS1GVRBJcV7AOaUCbT23bo5MHMjbSErPwat/oFfoZf4E7cunPSdmFbLwwczrmPM8eLBFdoWR9Gbm19Y3Mrv13Y2d3bPyiWDpsqjCWDBgtFKNseVSB4AA3kKKAdSaC+J6DljW4zvfUEUvEweMRJBK5PBwHvc0ZRU93iiYMwxumexBMxpInjUxwyKpK7NO0Wy1bFmpa5Cuw5KJN51bslo+D0Qhb7ECATVKmObUXoJlQiZwLSghMriCgb0QF0NAyoD8pNpvdT80wzPbMfSv0CNKfs34mE+kpNfE93ZibVspaR/2rj2YEFrqeyI4uc5y85xP61m/AgihECNjPYj4WJoZmFafa4BIZiogFlkus/mmxIJWWoIy/o9OzlrFZB86JiX1aqD9Vy7WaeY54ck1NyTmxyRWrkntRJgzDyTF7IK3kz3o1P48v4nrXmjPnMEVko4+cXvGmw0Q==</latexit>

E
<latexit sha1_base64="rX5DiL753OywpvOR+mYchxz1rCc=">AAACQ3icbVDLSsNAFJ3Ud31VXbqJFsFVSaSoy6IILhWsLTSlTKa37dCZJMzcSEvI2q9xq1/gR/gN7sSt4CTtwrYeGDic+zpz/EhwjY7zYRWWlldW19Y3iptb2zu7pb39Rx3GikGdhSJUTZ9qEDyAOnIU0IwUUOkLaPjD66zeeAKleRg84DiCtqT9gPc4o2ikTunIQxhhvifxRQxp4kmKA0ZFcpN2vEimnVLZqTg57EXiTkmZTHHX2bOKXjdksYQAmaBat1wnwnZCFXImIC16sYaIsiHtQ8vQgErQ7ST3kNonRunavVCZF6Cdq38nEiq1HkvfdGZG9XwtE/+tjSYHZrSuzo7Mar6cc4i9y3bCgyhGCNjEYC8WNoZ2Fqjd5QoYirEhlClu/mizAVWUoYm9aNJz57NaJI9nFfe8Ur2vlmtX0xzXySE5JqfEJRekRm7JHakTRp7JC3klb9a79Wl9Wd+T1oI1nTkgM7B+fgFKzrKR</latexit>

E±
<latexit sha1_base64="cMciKq780Qo3yfGLzUnRPdtRObs=">AAACQXicbVDLSsNAFJ34rPXV6tKFwSK4KokUdVkUwWUL9gFNKJPpbTt08mDmRlpCln6NW/0Cv8JPcCdu3Thpu7CtBwYO577OHC8SXKFlfRhr6xubW9u5nfzu3v7BYaF41FRhLBk0WChC2faoAsEDaCBHAe1IAvU9AS1vdJfVW08gFQ+DR5xE4Pp0EPA+ZxS11C2cOghjnO5JPBFDmjg+xSGjIrlPu/W0WyhZZWsKc5XYc1Iic9S6RSPv9EIW+xAgE1Spjm1F6CZUImcC0rwTK4goG9EBdDQNqA/KTaYOUvNcKz2zH0r9AjSn6t+JhPpKTXxPd2Y21XItE/+tjWcHFrSeyo4sap6/5BD7N27CgyhGCNjMYD8WJoZmFqfZ4xIYiokmlEmu/2iyIZWUoQ49r9Ozl7NaJc3Lsn1VrtQrpertPMccOSFn5ILY5JpUyQOpkQZh5Jm8kFfyZrwbn8aX8T1rXTPmM8dkAcbPL1IMsZU=</latexit>

EQ
<latexit sha1_base64="P5yzH6kwZH8yoh6CWdsbbsmF7Mw=">AAACQXicbVDLTsJAFJ36RHyBLl3YSExckdYQdUk0Ji4xkUcCSKbDBSZMp83MrYE0Xfo1bvUL/Ao/wZ1x68YpsBDwJJOcnPs6c7xQcI2O82GtrK6tb2xmtrLbO7t7+7n8QU0HkWJQZYEIVMOjGgSXUEWOAhqhAup7Aure8Cat159AaR7IBxyH0PZpX/IeZxSN1MkdtxBGONkTeyKCJG75FAeMivg2eZRJJ1dwis4E9jJxZ6RAZqh08la21Q1Y5INEJqjWTdcJsR1ThZwJSLKtSENI2ZD2oWmopD7odjxxkNinRunavUCZJ9GeqH8nYuprPfY905na1Iu1VPy3NpoemNO6Oj0yr3n+gkPsXbVjLsMIQbKpwV4kbAzsNE67yxUwFGNDKFPc/NFmA6ooQxN61qTnLma1TGrnRfeiWLovFcrXsxwz5IickDPikktSJnekQqqEkWfyQl7Jm/VufVpf1ve0dcWazRySOVg/v4LTsbE=</latexit>

En


