
1

Reimagining Jet 
Substructure with Energy 

Correlators

Kyle Lee
CTP, MIT

Jefferson Lab Theory Seminar  01/22/24



Kyle Lee

JETS — PROXIES FOR QUARKS AND GLUONS

In the early years, jet served as proxies of the underlying partons from hard QCD interactions. This was 
particularly evident in the discovery of gluons, substantiated by the observation of three-jet events.
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JETS — IMPRINTING STANDARD MODEL DYNAMICS

At the LHC, all standard model particles are produced with large boost, where EW scales also appear 
inside the boosted jets. Jet substructure study has evolved well beyond origin and has large impact in 
BSM, SM, high energy QCD, and nuclear physics.
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Butterworth, Davison, Rubin, Salam `08



Kyle Lee

JET SUBSTRUCTURE AS CORRELATION FUNCTIONS
In many fields, correlation functions are considered to be fundamental objects which encode the 
dynamics of the underlying theory.

<latexit sha1_base64="Z+Sx7hz4hnZLYwlJwXiGxVq5nOU=">AAACJ3icbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDP8KtfoFf40506Z+YaWdhWw8EDufcyz05QcKZNq77DUsbm1vbO+VdZ2//4PCoUj3u6DhVhLZJzGPVC7CmnEnaNsxw2ksUxSLgtBtM7nK/+0SVZrF8NNOE+gKPJIsYwcZK3YFmAnnusFJz6+4caJ14BamBAq1hFTqDMCapoNIQjrXue25i/AwrwwinM2eQappgMsEj2rdUYkG1n83zztC5VUIUxco+adBc/buRYaH1VAR2UmAz1qteLv7rPS8OLGmhzo8sa4FYSWiiGz9jMkkNlWQRMEo5MjHKS0MhU5QYPrUEE8XsHxEZY4WJsdU6tj1vtat10rmse1f1xkOj1rwteiyDU3AGLoAHrkET3IMWaAMCJuAFvII3+A4/4Cf8WoyWYLFzApYAf34BwIClnw==</latexit>⇠ 10meters, and observed at meters away)

Much like cosmology, we observe asymptotic energy flux at the detectors that are placed  
at cosmic scale away from where the events originated.

<latexit sha1_base64="kB/w1opbjAYy6MSBa8V5bVkt1iI="></latexit>
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<latexit sha1_base64="URj7EFNIiNr13bx75N7eDct6Ips="></latexit>

E(n̂2)

<latexit sha1_base64="2HGCRa9p1beO6XMVDR4oLi6UKCs="></latexit>

hE(n̂1)E(n̂2)i

(Collision events happen at
orders in distance!

<latexit sha1_base64="JT2NtfMxTRIvOLl3B9H2K/ykoKE="></latexit>
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<latexit sha1_base64="jgNW3+EGFh/16XjiCxIrlVyu74I=">AAACOnicbVDLTsJAFJ36RHyBbkzcNBITV6QlRF0S3bjERB4JVDKdXmDC9JGZWwNp6te41S/wR9y6M279AAfoQsCTTHJy7uPcOW4kuELL+jDW1jc2t7ZzO/ndvf2Dw0LxqKnCWDJosFCEsu1SBYIH0ECOAtqRBOq7Alru6HZabz2BVDwMHnASgePTQcD7nFHUUq9w0kUY42xPIsFLE9t6TCp2mvYKJatszWCuEjsjJZKh3isa+a4XstiHAJmgSnVsK0InoRI5E5Dmu7GCiLIRHUBH04D6oJxkZp2a51rxzH4o9QvQnKl/JxLqKzXxXd3pUxyq5dpU/Lc2nhssaJ6amixqrr90IfavnYQHUYwQsPmB/ViYGJrTHE2PS2AoJppQJrn+o8mGVFKGOu28Ts9ezmqVNCtl+7Jcva+WajdZjjlySs7IBbHJFamRO1InDcLIM3khr+TNeDc+jS/je966ZmQzx2QBxs8v9GCt2Q==</latexit>

1021

<latexit sha1_base64="O4MmLLzTyAUWxheMedSbSG6Mato=">AAACLnicbVDLSgMxFE3qq46vVpdugkWomzIjRV0W3bizgn1AO5ZMJtOGJjNDkhHL0P9wq1/g1wguxK2fYaadhW09EDiccy/35HgxZ0rb9icsrK1vbG4Vt62d3b39g1L5sK2iRBLaIhGPZNfDinIW0pZmmtNuLCkWHqcdb3yT+Z0nKhWLwgc9iakr8DBkASNYG+mxL7AeEczTu2nVORuUKnbNngGtEicnFZCjOShDq+9HJBE01IRjpXqOHWs3xVIzwunU6ieKxpiM8ZD2DA2xoMpNZ7Gn6NQoPgoiaV6o0Uz9u5FiodREeGYyi6mWvUz813ueH1jQfJUdWdQ8sZRQB1duysI40TQk84BBwpGOUNYd8pmkRPOJIZhIZv6IyAhLTLRp2DLtOctdrZL2ec25qNXv65XGdd5jERyDE1AFDrgEDXALmqAFCJDgBbyCN/gOP+AX/J6PFmC+cwQWAH9+AdSaqL4=</latexit>

O(1)
<latexit sha1_base64="Jypw1pwDi57rnjyufvoqXiZ/4vA=">AAACNnicbVC7TsMwFLV5lvBqgY0lokIqS5Wg8hgrWNgoEn1Ibagcx2mtOk5kO4gS5V9Y4Qv4FRY2xMon4LQZaMuRLB2dc6/u8XEjRqWyrA+4tLyyurZe2DA2t7Z3doulvZYMY4FJE4csFB0XScIoJ01FFSOdSBAUuIy03dF15rcfiZA05PdqHBEnQANOfYqR0lK/eNALkBpixJLbtGJbD4l9lp70i2Wrak1gLhI7J2WQo9EvQaPnhTgOCFeYISm7thUpJ0FCUcxIavRiSSKER2hAuppyFBDpJJP4qXmsFc/0Q6EfV+ZE/buRoEDKceDqySysnPcy8V/vaXpgRvNkdmRWc4O5hMq/dBLKo1gRjqcB/ZiZKjSzDk2PCoIVG2uCsKD6jyYeIoGw0k0buj17vqtF0jqt2ufV2l2tXL/KeyyAQ3AEKsAGF6AObkADNAEGz+AFvII3+A4/4Rf8no4uwXxnH8wA/vwCriCrFw==</latexit>

O(1015)
<latexit sha1_base64="l0R6FbM26XY7ey9So0v1r3bIIs4=">AAACNnicbVC7TsMwFHV4lvBqgY3FokIqS5VUFTBWsLBRJPqQ2lA5jtNadZzIdhAlyr+wwhfwKyxsiJVPwGkz0JYjWTo6517d4+NGjEplWR/Gyura+sZmYcvc3tnd2y+WDtoyjAUmLRyyUHRdJAmjnLQUVYx0I0FQ4DLSccfXmd95JELSkN+rSUScAA059SlGSkuD4lE/QGqEEUtu04ptPSQ1Oz0bFMtW1ZoCLhM7J2WQozkoGWbfC3EcEK4wQ1L2bCtSToKEopiR1OzHkkQIj9GQ9DTlKCDSSabxU3iqFQ/6odCPKzhV/24kKJByErh6MgsrF71M/Nd7mh2Y0zyZHZnX3GAhofIvnYTyKFaE41lAP2ZQhTDrEHpUEKzYRBOEBdV/hHiEBMJKN23q9uzFrpZJu1a1z6v1u3q5cZX3WADH4ARUgA0uQAPcgCZoAQyewQt4BW/Gu/FpfBnfs9EVI985BHMwfn4BqOSrFA==</latexit>

O(1021)meters meters meters
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JET SUBSTRUCTURE AS CORRELATION FUNCTIONS

<latexit sha1_base64="BOVr4Ak+rFOvRzZrU5YJ3mWU/Ug="></latexit>

E(~n) =
Z 1

0
dt lim

r!1
r2niT0i(t, r~n)

<latexit sha1_base64="Rn0WhyrUeuHwpyjLZBJixlUmmGI=">AAACIXicbVDLSgMxFM34rPU1PnZugkWomzIjRV0WRXBZwT6gM5RMmmlDk8yQZMQ69F8EV/on7sSd+B+uzbSzsK0HAodz7uWenCBmVGnH+bKWlldW19YLG8XNre2dXXtvv6miRGLSwBGLZDtAijAqSENTzUg7lgTxgJFWMLzO/NYDkYpG4l6PYuJz1Bc0pBhpI3XtQ48jPcCIpTfjsjdAOhXj065dcirOBHCRuDkpgRz1rv3j9SKccCI0ZkipjuvE2k+R1BQzMi56iSIxwkPUJx1DBeJE+ekk/RieGKUHw0iaJzScqH83UsSVGvHATGZZ1byXif96j9MDM1rA59Lo8NJPqYgTTQSehgkTBnUEs7pgj0qCNRsZgrCk5j8QD5BEWJtSi6Yod76WRdI8q7jnlepdtVS7yisrgCNwDMrABRegBm5BHTQABk/gGbyCN+vFerc+rM/p6JKV7xyAGVjfv4SopGs=</latexit>

E(n̂)
<latexit sha1_base64="bhm7SkpGgZa8bWiLz/xwdnK2Mls=">AAACE3icbVDLSgMxFL3js9ZX1aWbYBF0U2akqMuiG5cV7APaoWTStA3NZIbkjliG/oTgSv/Enbj1A/wR16btLGzrgcDhnHu5JyeIpTDout/Oyura+sZmbiu/vbO7t184OKybKNGM11gkI90MqOFSKF5DgZI3Y81pGEjeCIa3E7/xyLURkXrAUcz9kPaV6AlG0UrN9oBiqsbnnULRLblTkGXiZaQIGaqdwk+7G7Ek5AqZpMa0PDdGP6UaBZN8nG8nhseUDWmftyxVNOTGT6d5x+TUKl3Si7R9CslU/buR0tCYURjYyZDiwCx6E/Ff72l2YE4LwoU02Lv2U6HiBLliszC9RBKMyKQg0hWaM5QjSyjTwv6HsAHVlKGtMW+L8hZrWSb1i5J3WSrfl4uVm6yyHBzDCZyBB1dQgTuoQg0YSHiGV3hzXpx358P5nI2uONnOEczB+foFadSfJw==</latexit>

n̂)

Basham, Brown, Ellis, Love, `78-79
Sveshnikov, Tkachov, `95

Korchemsky, Sterman, `01

Energy Flow Operators  ( Light Ray Operators )

<latexit sha1_base64="6XxWEUvYmCa3j4Rxs3XWTTS7Sh0="></latexit>

E(n̂)|Xi =
X

a

Ea�
(2) (⌦~pa � ⌦n̂) |Xi

Theoretical definition of the calorimeter detectors 

“Energy flow becomes the focus of computability”

Energy Flow Operator provides theoretical meaning of what is a detector in field theory, sharpening 
the connection between experimentally measurable observables and the underlying field theory.
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Sterman `75

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>
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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>
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3
2
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<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>

<latexit sha1_base64="j45ZkEB7Dplz6C78WZA7lMv826Y=">AAACK3icbVDLSgMxFE3qq46vVpdugkVwVWZE1GVRBJcV7APaoWQymTY0mQxJRixDP8OtfoFf40px63+YaWdhWw8EDufcyz05QcKZNq77CUtr6xubW+VtZ2d3b/+gUj1sa5kqQltEcqm6AdaUs5i2DDOcdhNFsQg47QTj29zvPFGlmYwfzSShvsDDmEWMYGOlXl9gMyKYZ3fTQaXm1t0Z0CrxClIDBZqDKnT6oSSpoLEhHGvd89zE+BlWhhFOp04/1TTBZIyHtGdpjAXVfjbLPEWnVglRJJV9sUEz9e9GhoXWExHYyTyjXvZy8V/veX5gQQt1fmRRC8RSQhNd+xmLk9TQmMwDRilHRqK8OBQyRYnhE0swUcz+EZERVpgYW69j2/OWu1ol7fO6d1m/eLioNW6KHsvgGJyAM+CBK9AA96AJWoAACV7AK3iD7/ADfsHv+WgJFjtHYAHw5xdjlKgU</latexit>

E

Caron-Huot, Kologlu, Kravchuk, Meltzer, Simmons-Duffin`22
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Indeed, energy-energy correlators are one of the very first studied event shape (or correlations) 
observables in QCD

JET SUBSTRUCTURE AS CORRELATION FUNCTIONS

Belitsky, Hohenegger, Korchemsky, Sokatchev, Zhiboedov `13
Dixon, Luo, Shtabovenko, Yang, Zhu `18

Luo, Shtabovenko, Yang, Zhu `19
Henn, Sokatchev, Yan, Zhiboedov `19

<latexit sha1_base64="0M8SLzPrDjSja/mPIlWMKDE88rU=">AAACDnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFEVxWtA9oh5JJM21okhmSjFiGfoLgSv/Enbj1F/wR16btLGzrgcDhnHu5JyeIOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvJ37zkSrNIvlgRjH1Be5LFjKCjZXub7pet1hyy+4UaJl4GSlBhlq3+NPpRSQRVBrCsdZtz42Nn2JlGOF0XOgkmsaYDHGfti2VWFDtp9OoY3RilR4KI2WfNGiq/t1IsdB6JAI7KbAZ6EVvIv7rPc0OzGmBWEhjwks/ZTJODJVkFiZMODIRmnSDekxRYvjIEkwUs/9BZIAVJsY2WLBFeYu1LJPGWdk7L1fuKqXqVVZZHo7gGE7Bgwuowi3UoA4E+vAMr/DmvDjvzofzORvNOdnOIczB+foFzDecog==</latexit>

E1

<latexit sha1_base64="rf1qKocB4j/RBr7DE12kCHTRxSw=">AAACDnicbVDLSgMxFL3js9ZX1aWbYBFclZlS1GVRBJcV7QPaoWTSTBuaZIYkI5ahnyC40j9xJ279BX/EtWk7C9t6IHA4517uyQlizrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0lChC6yTikWoFWFPOJK0bZjhtxYpiEXDaDIbXE7/5SJVmkXwwo5j6AvclCxnBxkr3N91yt1B0S+4UaJl4GSlChlq38NPpRSQRVBrCsdZtz42Nn2JlGOF0nO8kmsaYDHGfti2VWFDtp9OoY3RqlR4KI2WfNGiq/t1IsdB6JAI7KbAZ6EVvIv7rPc0OzGmBWEhjwks/ZTJODJVkFiZMODIRmnSDekxRYvjIEkwUs/9BZIAVJsY2mLdFeYu1LJNGueSdlyp3lWL1KqssB8dwAmfgwQVU4RZqUAcCfXiGV3hzXpx358P5nI2uONnOEczB+foFzd+cow==</latexit>

E2

<latexit sha1_base64="Io5ISELC3k5Scus4RXvRGMRw/g0=">AAACDnicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFEVxWtA9oh5JJM21okhmSjFiGfoLgSv/Enbj1F/wR16btLGz1QOBwzr3ckxPEnGnjul9Obml5ZXUtv17Y2Nza3inu7jV0lChC6yTikWoFWFPOJK0bZjhtxYpiEXDaDIZXE7/5QJVmkbw3o5j6AvclCxnBxkp3193TbrHklt0p0F/iZaQEGWrd4nenF5FEUGkIx1q3PTc2foqVYYTTcaGTaBpjMsR92rZUYkG1n06jjtGRVXoojJR90qCp+nsjxULrkQjspMBmoBe9ifiv9zg7MKcFYiGNCS/8lMk4MVSSWZgw4chEaNIN6jFFieEjSzBRzP4HkQFWmBjbYMEW5S3W8pc0TsreWblyWylVL7PK8nAAh3AMHpxDFW6gBnUg0IcneIFX59l5c96dj9lozsl29mEOzucPz4ecpA==</latexit>

E3

<latexit sha1_base64="ycSNzYJ5HfCFfVklI8HI6dyXnPo=">AAACE3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRoi6LblxWsA9oh5JJM21okhmSO2Ip/QnBlf6JO3HrB/gjrk3bWdjWA4HDOfdyT06YCG7Q876d3Nr6xuZWfruws7u3f1A8PGqYONWU1WksYt0KiWGCK1ZHjoK1Es2IDAVrhsPbqd98ZNrwWD3gKGGBJH3FI04JWqnVwQFD0vW7xZJX9mZwV4mfkRJkqHWLP51eTFPJFFJBjGn7XoLBmGjkVLBJoZMalhA6JH3WtlQRyUwwnuWduGdW6blRrO1T6M7UvxtjIo0ZydBOSoIDs+xNxX+9p/mBBS2US2kwug7GXCUpMkXnYaJUuBi704LcHteMohhZQqjm9j8uHRBNKNoaC7Yof7mWVdK4KPuX5cp9pVS9ySrLwwmcwjn4cAVVuIMa1IGCgGd4hTfnxXl3PpzP+WjOyXaOYQHO1y8qxp8B</latexit>

✓1

<latexit sha1_base64="T+UPReBhSLIMd3XHho+WavbqyCc=">AAACE3icbVDLSgMxFL3js9ZX1aWbwSK4KjOlqMuiG5cV7APaoWTSTBuaZIbkjliG/oTgSv/Enbj1A/wR16aPhW09EDiccy/35ISJ4AY979tZW9/Y3NrO7eR39/YPDgtHxw0Tp5qyOo1FrFshMUxwxerIUbBWohmRoWDNcHg78ZuPTBseqwccJSyQpK94xClBK7U6OGBIuuVuoeiVvCncVeLPSRHmqHULP51eTFPJFFJBjGn7XoJBRjRyKtg430kNSwgdkj5rW6qIZCbIpnnH7rlVem4Ua/sUulP170ZGpDEjGdpJSXBglr2J+K/3NDuwoIVyKQ1G10HGVZIiU3QWJkqFi7E7Kcjtcc0oipElhGpu/+PSAdGEoq0xb4vyl2tZJY1yyb8sVe4rxerNvLIcnMIZXIAPV1CFO6hBHSgIeIZXeHNenHfnw/mcja45850TWIDz9Qssbp8C</latexit>

✓2<latexit sha1_base64="ChdtsWQxFbZaH12E88arNryWjhs=">AAACE3icbVDLSgMxFM34rPVVdelmsAiuyowWdVl047KCfUA7lEx6pw1NMkNyRyylPyG40j9xJ279AH/EtWk7C9t6IHA4517uyQkTwQ163rezsrq2vrGZ28pv7+zu7RcODusmTjWDGotFrJshNSC4ghpyFNBMNFAZCmiEg9uJ33gEbXisHnCYQCBpT/GIM4pWaraxD0g7F51C0St5U7jLxM9IkWSodgo/7W7MUgkKmaDGtHwvwWBENXImYJxvpwYSyga0By1LFZVggtE079g9tUrXjWJtn0J3qv7dGFFpzFCGdlJS7JtFbyL+6z3NDsxpoVxIg9F1MOIqSREUm4WJUuFi7E4KcrtcA0MxtIQyze1/XNanmjK0NeZtUf5iLcukfl7yL0vl+3KxcpNVliPH5IScEZ9ckQq5I1VSI4wI8kxeyZvz4rw7H87nbHTFyXaOyBycr18uFp8D</latexit>

✓3

<latexit sha1_base64="ycSNzYJ5HfCFfVklI8HI6dyXnPo=">AAACE3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRoi6LblxWsA9oh5JJM21okhmSO2Ip/QnBlf6JO3HrB/gjrk3bWdjWA4HDOfdyT06YCG7Q876d3Nr6xuZWfruws7u3f1A8PGqYONWU1WksYt0KiWGCK1ZHjoK1Es2IDAVrhsPbqd98ZNrwWD3gKGGBJH3FI04JWqnVwQFD0vW7xZJX9mZwV4mfkRJkqHWLP51eTFPJFFJBjGn7XoLBmGjkVLBJoZMalhA6JH3WtlQRyUwwnuWduGdW6blRrO1T6M7UvxtjIo0ZydBOSoIDs+xNxX+9p/mBBS2US2kwug7GXCUpMkXnYaJUuBi704LcHteMohhZQqjm9j8uHRBNKNoaC7Yof7mWVdK4KPuX5cp9pVS9ySrLwwmcwjn4cAVVuIMa1IGCgGd4hTfnxXl3PpzP+WjOyXaOYQHO1y8qxp8B</latexit>

✓1
<latexit sha1_base64="T+UPReBhSLIMd3XHho+WavbqyCc=">AAACE3icbVDLSgMxFL3js9ZX1aWbwSK4KjOlqMuiG5cV7APaoWTSTBuaZIbkjliG/oTgSv/Enbj1A/wR16aPhW09EDiccy/35ISJ4AY979tZW9/Y3NrO7eR39/YPDgtHxw0Tp5qyOo1FrFshMUxwxerIUbBWohmRoWDNcHg78ZuPTBseqwccJSyQpK94xClBK7U6OGBIuuVuoeiVvCncVeLPSRHmqHULP51eTFPJFFJBjGn7XoJBRjRyKtg430kNSwgdkj5rW6qIZCbIpnnH7rlVem4Ua/sUulP170ZGpDEjGdpJSXBglr2J+K/3NDuwoIVyKQ1G10HGVZIiU3QWJkqFi7E7Kcjtcc0oipElhGpu/+PSAdGEoq0xb4vyl2tZJY1yyb8sVe4rxerNvLIcnMIZXIAPV1CFO6hBHSgIeIZXeHNenHfnw/mcja45850TWIDz9Qssbp8C</latexit>

✓2
<latexit sha1_base64="ChdtsWQxFbZaH12E88arNryWjhs=">AAACE3icbVDLSgMxFM34rPVVdelmsAiuyowWdVl047KCfUA7lEx6pw1NMkNyRyylPyG40j9xJ279AH/EtWk7C9t6IHA4517uyQkTwQ163rezsrq2vrGZ28pv7+zu7RcODusmTjWDGotFrJshNSC4ghpyFNBMNFAZCmiEg9uJ33gEbXisHnCYQCBpT/GIM4pWaraxD0g7F51C0St5U7jLxM9IkWSodgo/7W7MUgkKmaDGtHwvwWBENXImYJxvpwYSyga0By1LFZVggtE079g9tUrXjWJtn0J3qv7dGFFpzFCGdlJS7JtFbyL+6z3NDsxpoVxIg9F1MOIqSREUm4WJUuFi7E4KcrtcA0MxtIQyze1/XNanmjK0NeZtUf5iLcukfl7yL0vl+3KxcpNVliPH5IScEZ9ckQq5I1VSI4wI8kxeyZvz4rw7H87nbHTFyXaOyBycr18uFp8D</latexit>

✓3

<latexit sha1_base64="0M8SLzPrDjSja/mPIlWMKDE88rU=">AAACDnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFEVxWtA9oh5JJM21okhmSjFiGfoLgSv/Enbj1F/wR16btLGzrgcDhnHu5JyeIOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvJ37zkSrNIvlgRjH1Be5LFjKCjZXub7pet1hyy+4UaJl4GSlBhlq3+NPpRSQRVBrCsdZtz42Nn2JlGOF0XOgkmsaYDHGfti2VWFDtp9OoY3RilR4KI2WfNGiq/t1IsdB6JAI7KbAZ6EVvIv7rPc0OzGmBWEhjwks/ZTJODJVkFiZMODIRmnSDekxRYvjIEkwUs/9BZIAVJsY2WLBFeYu1LJPGWdk7L1fuKqXqVVZZHo7gGE7Bgwuowi3UoA4E+vAMr/DmvDjvzofzORvNOdnOIczB+foFzDecog==</latexit>

E1
<latexit sha1_base64="rf1qKocB4j/RBr7DE12kCHTRxSw=">AAACDnicbVDLSgMxFL3js9ZX1aWbYBFclZlS1GVRBJcV7QPaoWTSTBuaZIYkI5ahnyC40j9xJ279BX/EtWk7C9t6IHA4517uyQlizrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0lChC6yTikWoFWFPOJK0bZjhtxYpiEXDaDIbXE7/5SJVmkXwwo5j6AvclCxnBxkr3N91yt1B0S+4UaJl4GSlChlq38NPpRSQRVBrCsdZtz42Nn2JlGOF0nO8kmsaYDHGfti2VWFDtp9OoY3RqlR4KI2WfNGiq/t1IsdB6JAI7KbAZ6EVvIv7rPc0OzGmBWEhjwks/ZTJODJVkFiZMODIRmnSDekxRYvjIEkwUs/9BZIAVJsY2mLdFeYu1LJNGueSdlyp3lWL1KqssB8dwAmfgwQVU4RZqUAcCfXiGV3hzXpx358P5nI2uONnOEczB+foFzd+cow==</latexit>

E2

<latexit sha1_base64="0M8SLzPrDjSja/mPIlWMKDE88rU=">AAACDnicbVDLSgMxFL1TX7W+qi7dBIvgqsxIUZdFEVxWtA9oh5JJM21okhmSjFiGfoLgSv/Enbj1F/wR16btLGzrgcDhnHu5JyeIOdPGdb+d3Mrq2vpGfrOwtb2zu1fcP2joKFGE1knEI9UKsKacSVo3zHDaihXFIuC0GQyvJ37zkSrNIvlgRjH1Be5LFjKCjZXub7pet1hyy+4UaJl4GSlBhlq3+NPpRSQRVBrCsdZtz42Nn2JlGOF0XOgkmsaYDHGfti2VWFDtp9OoY3RilR4KI2WfNGiq/t1IsdB6JAI7KbAZ6EVvIv7rPc0OzGmBWEhjwks/ZTJODJVkFiZMODIRmnSDekxRYvjIEkwUs/9BZIAVJsY2WLBFeYu1LJPGWdk7L1fuKqXqVVZZHo7gGE7Bgwuowi3UoA4E+vAMr/DmvDjvzofzORvNOdnOIczB+foFzDecog==</latexit>

E1
<latexit sha1_base64="Io5ISELC3k5Scus4RXvRGMRw/g0=">AAACDnicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFEVxWtA9oh5JJM21okhmSjFiGfoLgSv/Enbj1F/wR16btLGz1QOBwzr3ckxPEnGnjul9Obml5ZXUtv17Y2Nza3inu7jV0lChC6yTikWoFWFPOJK0bZjhtxYpiEXDaDIZXE7/5QJVmkbw3o5j6AvclCxnBxkp3193TbrHklt0p0F/iZaQEGWrd4nenF5FEUGkIx1q3PTc2foqVYYTTcaGTaBpjMsR92rZUYkG1n06jjtGRVXoojJR90qCp+nsjxULrkQjspMBmoBe9ifiv9zg7MKcFYiGNCS/8lMk4MVSSWZgw4chEaNIN6jFFieEjSzBRzP4HkQFWmBjbYMEW5S3W8pc0TsreWblyWylVL7PK8nAAh3AMHpxDFW6gBnUg0IcneIFX59l5c96dj9lozsl29mEOzucPz4ecpA==</latexit>

E3
<latexit sha1_base64="rf1qKocB4j/RBr7DE12kCHTRxSw=">AAACDnicbVDLSgMxFL3js9ZX1aWbYBFclZlS1GVRBJcV7QPaoWTSTBuaZIYkI5ahnyC40j9xJ279BX/EtWk7C9t6IHA4517uyQlizrRx3W9nZXVtfWMzt5Xf3tnd2y8cHDZ0lChC6yTikWoFWFPOJK0bZjhtxYpiEXDaDIbXE7/5SJVmkXwwo5j6AvclCxnBxkr3N91yt1B0S+4UaJl4GSlChlq38NPpRSQRVBrCsdZtz42Nn2JlGOF0nO8kmsaYDHGfti2VWFDtp9OoY3RqlR4KI2WfNGiq/t1IsdB6JAI7KbAZ6EVvIv7rPc0OzGmBWEhjwks/ZTJODJVkFiZMODIRmnSDekxRYvjIEkwUs/9BZIAVJsY2mLdFeYu1LJNGueSdlyp3lWL1KqssB8dwAmfgwQVU4RZqUAcCfXiGV3hzXpx358P5nI2uONnOEczB+foFzd+cow==</latexit>

E2
<latexit sha1_base64="Io5ISELC3k5Scus4RXvRGMRw/g0=">AAACDnicbVDLSgMxFL1TX7W+qi7dBIvgqsxoUZdFEVxWtA9oh5JJM21okhmSjFiGfoLgSv/Enbj1F/wR16btLGz1QOBwzr3ckxPEnGnjul9Obml5ZXUtv17Y2Nza3inu7jV0lChC6yTikWoFWFPOJK0bZjhtxYpiEXDaDIZXE7/5QJVmkbw3o5j6AvclCxnBxkp3193TbrHklt0p0F/iZaQEGWrd4nenF5FEUGkIx1q3PTc2foqVYYTTcaGTaBpjMsR92rZUYkG1n06jjtGRVXoojJR90qCp+nsjxULrkQjspMBmoBe9ifiv9zg7MKcFYiGNCS/8lMk4MVSSWZgw4chEaNIN6jFFieEjSzBRzP4HkQFWmBjbYMEW5S3W8pc0TsreWblyWylVL7PK8nAAh3AMHpxDFW6gBnUg0IcneIFX59l5c96dj9lozsl29mEOzucPz4ecpA==</latexit>

E3
<latexit sha1_base64="inSYKNuYhIWedbTnYzHys7c/eck=">AAACE3icbVDLSgMxFL1TX7W+qi7dDBbBVZmRoi6LblxWsA9oh5JJ77ShSWZIMmIp/QnBlf6JO3HrB/gjrk3bWdjWA4HDOfdyT06YcKaN5307ubX1jc2t/HZhZ3dv/6B4eNTQcaoo1mnMY9UKiUbOJNYNMxxbiUIiQo7NcHg79ZuPqDSL5YMZJRgI0pcsYpQYK7U6TNgrqLvFklf2ZnBXiZ+REmSodYs/nV5MU4HSUE60bvteYoIxUYZRjpNCJ9WYEDokfWxbKolAHYxneSfumVV6bhQr+6RxZ+rfjTERWo9EaCcFMQO97E3Ff72n+YEFLRRLaUx0HYyZTFKDks7DRCl3TexOC3J7TCE1fGQJoYrZ/7h0QBShxtZYsEX5y7WsksZF2b8sV+4rpepNVlkeTuAUzsGHK6jCHdSgDhQ4PMMrvDkvzrvz4XzOR3NOtnMMC3C+fgGqT59O</latexit>

=)

<latexit sha1_base64="sWW9TutXw40+9BhKIm8hpGS6/Zw="></latexit>

d�

dz
⇠ h |E (n̂1) E (n̂2)| i

<latexit sha1_base64="o9D1pKHuyHRSj2WNh96Rw0JXMdE=">AAACR3icbVDLSsNAFJ3Ud3xVXboJFsFVSUTUZdGNywq2CqaUyeSmHZxJwsyNtIR8gV/jVr/AT/Ar3IlLJ21AWz0wcOace7n3niAVXKPrvlu1hcWl5ZXVNXt9Y3Nru76z29VJphh0WCISdRdQDYLH0EGOAu5SBVQGAm6Dh8vSv30EpXkS3+A4hZ6kg5hHnFE0Ur9+6EeKstxHGGEeFr7mA0mLnz8OAWnRrzfcpjuB85d4FWmQCu3+jmX7YcIyCTEyQbW+99wUezlVyJmAwvYzDSllD3QA94bGVILu5ZN7CufQKKETJcq8GJ2J+rsjp1LrsQxMpaQ41PNeKf7rjaYDZrRQl0NmtUDObYjReS/ncZohxGy6YJQJBxOnDNUJuQKGYmwIZYqbGx02pCZYNNHbJj1vPqu/pHvc9E6bJ9cnjdZFleMq2ScH5Ih45Iy0yBVpkw5h5Ik8kxfyar1ZH9an9TUtrVlVzx6ZQc36BlhGs5g=</latexit>

d�

d✓

Weighted cross-section, or, ensemble averaged observable

Many precise calculations!

Basham, Brown, Ellis, Love, `78-79

Impressive agreements from recent calculation, without any fits!

Schindler, Stewart, Sun `23

<latexit sha1_base64="I8vol1opqJLO2Yu0JdzwfJWOnwU="></latexit>

d�

dz
=

X

i,j

Z
d�

EiEj

Q2
�

✓
z � 1� cos�ij

2

◆
<latexit sha1_base64="sWW9TutXw40+9BhKIm8hpGS6/Zw="></latexit>

d�

dz
⇠ h |E (n̂1) E (n̂2)| i

<latexit sha1_base64="o9D1pKHuyHRSj2WNh96Rw0JXMdE=">AAACR3icbVDLSsNAFJ3Ud3xVXboJFsFVSUTUZdGNywq2CqaUyeSmHZxJwsyNtIR8gV/jVr/AT/Ar3IlLJ21AWz0wcOace7n3niAVXKPrvlu1hcWl5ZXVNXt9Y3Nru76z29VJphh0WCISdRdQDYLH0EGOAu5SBVQGAm6Dh8vSv30EpXkS3+A4hZ6kg5hHnFE0Ur9+6EeKstxHGGEeFr7mA0mLnz8OAWnRrzfcpjuB85d4FWmQCu3+jmX7YcIyCTEyQbW+99wUezlVyJmAwvYzDSllD3QA94bGVILu5ZN7CufQKKETJcq8GJ2J+rsjp1LrsQxMpaQ41PNeKf7rjaYDZrRQl0NmtUDObYjReS/ncZohxGy6YJQJBxOnDNUJuQKGYmwIZYqbGx02pCZYNNHbJj1vPqu/pHvc9E6bJ9cnjdZFleMq2ScH5Ih45Iy0yBVpkw5h5Ik8kxfyar1ZH9an9TUtrVlVzx6ZQc36BlhGs5g=</latexit>

d�

d✓

<latexit sha1_base64="W7Gs65VoOsdNfUeHpyYKIKgq5mU=">AAACR3icbVDLTgJBEJzFF+IL9OhlIyHBg2TXEPVI9OIRE3kkLCGzs70wOvvITK+RbPgCv8arfoGf4Fd4Mx6dBQ4CVjKZSlV3urvcWHCFlvVp5NbWNza38tuFnd29/YNi6bCtokQyaLFIRLLrUgWCh9BCjgK6sQQauAI67uNN5neeQCoehfc4jqEf0GHIfc4oamlQrDgeCKSOAB+rDo4A6dnsG6T8YeJIPhzh6aBYtmrWFOYqseekTOZoDkpGwfEilgQQIhNUqZ5txdhPqUTOBEwKTqIgpuyRDqGnaUgDUP10es/ErGjFM/1I6heiOVX/dqQ0UGocuLoyoDhSy14m/us9zwYsaJ7KhixqbrC0IfpX/ZSHcYIQstmCfiJMjMwsVNPjEhiKsSaUSa5vNNmISspQR1/Q6dnLWa2S9nnNvqjV7+rlxvU8xzw5JiekSmxySRrkljRJizDyQl7JG3k3Powv49v4mZXmjHnPEVlAzvgF/kSySg==</latexit>

� (✓ � ✓ij)
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Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
<latexit sha1_base64="3dz/RxiC1WAJpbh5+C2eyFV8gYA="></latexit>
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0
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<latexit sha1_base64="M2YUKL/PwPy6HpVOBY8eRcGXEDE="></latexit>
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<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>
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3
2
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="l/sIQKNJL9Bzc+rGkmFtcyQ/3vM="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓⌧i�4
Oi (n̂1)

Hofman, Maldacena, `08

<latexit sha1_base64="87clzBE69g95RJ7UT7ZhmfuK48g=">AAACMXicbVDLTgIxFG3xheMD0KWbRmLiiswYoy6Jbly4wEQeCUxIp9OBhs4j7R2VEL7ErX6BX8POuPUn7MAsBDxJk5Nz7s09PV4ihQbbnuHCxubW9k5x19rbPzgslStHLR2nivEmi2WsOh7VXIqIN0GA5J1EcRp6kre90V3mt5+50iKOnmCccDekg0gEglEwUr9c6j3wAJQYDIEqFb/0y1W7Zs9B1omTkyrK0ehXsNXzY5aGPAImqdZdx07AnVAFgkk+tXqp5gllIzrgXUMjGnLtTubJp+TMKD4JYmVeBGSu/t2Y0FDrceiZyZDCUK96mfiv97o4sKT5OjuyrHnhSkIIbtyJiJIUeMQWAYNUEohJVh/xheIM5NgQypQwfyRsSBVlYEq2THvOalfrpHVRc65ql4+X1fpt3mMRnaBTdI4cdI3q6B41UBMxlKI39I4+8Cee4S/8vRgt4HznGC0B//wCkEiqKg==</latexit>,
<latexit sha1_base64="45K7K5tKT43nPD6/sBPmd7Pd2Og=">AAACRHicbVDLTgIxFO34RHyBLt1MICZuJDOGqEuiG5eYyCNhkHQ6F2joPNLeMZDJ7P0at/oF/oP/4M64NRaYhYA3aXJ6zr09t8eNBFdoWR/G2vrG5tZ2bie/u7d/cFgoHjVVGEsGDRaKULZdqkDwABrIUUA7kkB9V0DLHd1O9dYTSMXD4AEnEXR9Ogh4nzOKmuoVSg4OAelj4iCMcfZeIsFL9Z3GPZ6eV9NeoWxVrFmZq8DOQJlkVe8VjbzjhSz2IUAmqFId24qwm1CJnAlI806sIKJsRAfQ0TCgPqhuMjNPzVPNeGY/lPoEaM7YvxMJ9ZWa+K7u9CkO1bI2Jf/VxnODBc5TU5NFzvWXNsT+dTfhQRQjBGy+YD8WJobmNFHT4xIYiokGlEmu/2iyIZWUoc49r9Ozl7NaBc2Lin1Zqd5Xy7WbLMccOSElckZsckVq5I7USYMw8kxeyCt5M96NT+PL+J63rhnZzDFZKOPnF7Gisro=</latexit>

✓⌧i�4
<latexit sha1_base64="l/sIQKNJL9Bzc+rGkmFtcyQ/3vM="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓⌧i�4
Oi (n̂1)

Jet limit corresponds to the collinear limit (OPE limit) of the correlation 
functions of the Energy Flow Operators

JET SUBSTRUCTURE AS CORRELATION FUNCTIONS

Field theory often predicts universal scaling as operators approach 
each other

<latexit sha1_base64="4ljoBjdvD6sGhyoHV8theuqKQmk="></latexit>

O(x)O(0) =
X

x�iciOi

Belitsky, Hohenegger, Korchemsky, Sokatchev, Zhiboedov, `13
Kologlu, Kravchuk, Simmons Duffin, Zhiboedov, `19

Chang, Kologlu, Kravchuk, Simmons-Duffin, `20
Caron-Huot,Kologlu,Kravchuk,Meltzer,Simmons-Duffin, `22

…

Kravchuk, Simmons Duffin, `18
Henn, Sokatchev, Yan, Zhiboedov, `19

Korchemsky, `19
Belin, Hofman, Mathys, `19

Much interests from the formal theory:

CAN THIS UNIVERSAL SCALING OF THE FIELD 
THEORY BE OBSERVED IN JETS AT THE LHC???
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Rethinking Jets with Energy Correlators

p

p

Chen, Moult, Zhang, Zhu `20
Dixon, Moult, Zhu `19

2019/2020 2022

Open data analyses and QCD Factorization

2023

Real Data analyses  
at the LHC

ALI-PREL-539525

ALI-PREL-539525

KL, Meçaj, Moult `22
Komiske, Moult, Thaler, Zhu `22

ALICE `23

Observation of the universal of QCD predicted at the operator 
levels from the light-ray operator product expansion!

<latexit sha1_base64="l/sIQKNJL9Bzc+rGkmFtcyQ/3vM="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓⌧i�4
Oi (n̂1)

<latexit sha1_base64="45K7K5tKT43nPD6/sBPmd7Pd2Og=">AAACRHicbVDLTgIxFO34RHyBLt1MICZuJDOGqEuiG5eYyCNhkHQ6F2joPNLeMZDJ7P0at/oF/oP/4M64NRaYhYA3aXJ6zr09t8eNBFdoWR/G2vrG5tZ2bie/u7d/cFgoHjVVGEsGDRaKULZdqkDwABrIUUA7kkB9V0DLHd1O9dYTSMXD4AEnEXR9Ogh4nzOKmuoVSg4OAelj4iCMcfZeIsFL9Z3GPZ6eV9NeoWxVrFmZq8DOQJlkVe8VjbzjhSz2IUAmqFId24qwm1CJnAlI806sIKJsRAfQ0TCgPqhuMjNPzVPNeGY/lPoEaM7YvxMJ9ZWa+K7u9CkO1bI2Jf/VxnODBc5TU5NFzvWXNsT+dTfhQRQjBGy+YD8WJobmNFHT4xIYiokGlEmu/2iyIZWUoc49r9Ozl7NaBc2Lin1Zqd5Xy7WbLMccOSElckZsckVq5I7USYMw8kxeyCt5M96NT+PL+J63rhnZzDFZKOPnF7Gisro=</latexit>

✓⌧i�4
<latexit sha1_base64="l/sIQKNJL9Bzc+rGkmFtcyQ/3vM="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓⌧i�4
Oi (n̂1)
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Universal scaling measured in real data from ALICE, CMS, and STAR 
from 15 GeV to 1784 GeV!

2023

Real Data analyses  
at the LHC

ALI-PREL-539525

ALI-PREL-539525

<latexit sha1_base64="l/sIQKNJL9Bzc+rGkmFtcyQ/3vM="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓⌧i�4
Oi (n̂1)

<latexit sha1_base64="45K7K5tKT43nPD6/sBPmd7Pd2Og=">AAACRHicbVDLTgIxFO34RHyBLt1MICZuJDOGqEuiG5eYyCNhkHQ6F2joPNLeMZDJ7P0at/oF/oP/4M64NRaYhYA3aXJ6zr09t8eNBFdoWR/G2vrG5tZ2bie/u7d/cFgoHjVVGEsGDRaKULZdqkDwABrIUUA7kkB9V0DLHd1O9dYTSMXD4AEnEXR9Ogh4nzOKmuoVSg4OAelj4iCMcfZeIsFL9Z3GPZ6eV9NeoWxVrFmZq8DOQJlkVe8VjbzjhSz2IUAmqFId24qwm1CJnAlI806sIKJsRAfQ0TCgPqhuMjNPzVPNeGY/lPoEaM7YvxMJ9ZWa+K7u9CkO1bI2Jf/VxnODBc5TU5NFzvWXNsT+dTfhQRQjBGy+YD8WJobmNFHT4xIYiokGlEmu/2iyIZWUoc49r9Ozl7NaBc2Lin1Zqd5Xy7WbLMccOSElckZsckVq5I7USYMw8kxeyCt5M96NT+PL+J63rhnZzDFZKOPnF7Gisro=</latexit>

✓⌧i�4
<latexit sha1_base64="l/sIQKNJL9Bzc+rGkmFtcyQ/3vM="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓⌧i�4
Oi (n̂1)
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Universal scaling measured in real data from ALICE, CMS, and STAR 
from 15 GeV to 1784 GeV!

2023

Real Data analyses  
at the LHC

ALI-PREL-539525

ALI-PREL-539525

<latexit sha1_base64="l/sIQKNJL9Bzc+rGkmFtcyQ/3vM="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓⌧i�4
Oi (n̂1)

<latexit sha1_base64="45K7K5tKT43nPD6/sBPmd7Pd2Og=">AAACRHicbVDLTgIxFO34RHyBLt1MICZuJDOGqEuiG5eYyCNhkHQ6F2joPNLeMZDJ7P0at/oF/oP/4M64NRaYhYA3aXJ6zr09t8eNBFdoWR/G2vrG5tZ2bie/u7d/cFgoHjVVGEsGDRaKULZdqkDwABrIUUA7kkB9V0DLHd1O9dYTSMXD4AEnEXR9Ogh4nzOKmuoVSg4OAelj4iCMcfZeIsFL9Z3GPZ6eV9NeoWxVrFmZq8DOQJlkVe8VjbzjhSz2IUAmqFId24qwm1CJnAlI806sIKJsRAfQ0TCgPqhuMjNPzVPNeGY/lPoEaM7YvxMJ9ZWa+K7u9CkO1bI2Jf/VxnODBc5TU5NFzvWXNsT+dTfhQRQjBGy+YD8WJobmNFHT4xIYiokGlEmu/2iyIZWUoc49r9Ozl7NaBc2Lin1Zqd5Xy7WbLMccOSElckZsckVq5I7USYMw8kxeyCt5M96NT+PL+J63rhnZzDFZKOPnF7Gisro=</latexit>

✓⌧i�4
<latexit sha1_base64="l/sIQKNJL9Bzc+rGkmFtcyQ/3vM="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓⌧i�4
Oi (n̂1)
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Does energy correlators provide other useful phenomenological applications?



Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
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Rethinking jet substructure using energy correlators provide powerful 
framework for phenomenological applications!
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HOW DO WE UNDERSTAND HEAVY 
FLAVOR PHYSICS?

Heavy flavor physics
(Beauty and charm)

1 - 5 GeV



IMPROVING OUR 
UNDERSTANDING OF  

MASS EFFECTS
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VERY FIRST DIRECT DETECTION OF DEADCONE

Fundamental predictions of our gauge theory—
directly observed for the very first time last year!

No deadcone

Yes deadcone
[ALICE 2022]
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BEAUTIFUL AND CHARMING ENERGY CORRELATORS
One can statistically measure the gluon suppression (dead cone) within the heavy jets 
as compared to the light jets by taking the ratio of energy correlators.
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AK5 Jets, |⌘| < 1.9

pT = 500-550 GeV

Craft, KL, Meçaj, Moult `22
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NON-GAUSSIANITIES 
/HIGHER POINTS 

 IN PARTICLE COLLIDER
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Higher-point correlators probe more detailed aspects of interactions. 

Hunting for non-gaussianities to distinguish the models of inflation.
Extremely interesting physics detail hiding under the 1  part in 100000 non-gaussianity in CMB!

We must also dream big!

PROBING HIGHER POINT STRUCTURE

Maldacena `02, Komatsu `10  
Cabass, Pajer, Stefanyszyn, Supel `21,…

13
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BEAUTIFUL AND CHARMING ENERGY CORRELATORS
Craft, Gonzalez, KL, Meçaj, Moult `23

Higher-point structure provides nontrivial shape information of the heavy flavor dynamics

14

Triple collinear interactions

19
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EARLY UNIVERSE?
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CREATING BIG BANG MATTER ON EARTH
Heavy Ion Collisions at the LHC recreate in laboratory conditions the plasma of quarks and 
gluons that is thought to have existed shortly after the Big Bang

Jets are used as the hard probe to study medium properties by studying their energy loss as 
they propagate through the medium.

15
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RESOLVING THE QGP USING ENERGY CORRELATORS
The standard energy loss corresponds to the measurement of the one-point energy correlator 

Two-point energy correlators clearly identify the scale at which the energy loss occurs, and 
gives robust prediction across different models!

Andres, Dominguez, Holguin, Kunnawalkam Elayavalli, Marquet, Moult `22
Andres, Dominguez, Holguin, Marquet, Moult `23

Barata, Mehtar-Tani `23

EEC gives angular scale
<latexit sha1_base64="X6klVkvHu1ri0QxtGhsaFq6kaCY=">AAACOXicbVDLSsNAFJ34rPXV6sKFm8EiuCqJFHVZdOOyQl/QhDCZTNuxM0mYuRFLyNe41S/wS1y6E7f+gNPHwrYeuHA4517uvSdIBNdg2x/W2vrG5tZ2Yae4u7d/cFgqH7V1nCrKWjQWseoGRDPBI9YCDoJ1E8WIDATrBKO7id95YkrzOGrCOGGeJIOI9zklYCS/dOLK1NVc4sRvYheGDIif8cfcL1Xsqj0FXiXOnFTQHA2/bBXdMKapZBFQQbTuOXYCXkYUcCpYXnRTzRJCR2TAeoZGRDLtZdMPcnxulBD3Y2UqAjxV/05kRGo9loHplASGetmbiP96z7MFC1qoJ0sWtUAuXQj9Gy/jUZICi+jswH4qMMR4EiMOuWIUxNgQQhU3P2I6JIpQMGEXTXrOclarpH1Zda6qtYdapX47z7GATtEZukAOukZ1dI8aqIUoytELekVv1rv1aX1Z37PWNWs+c4wWYP38AqDGrSw=</latexit>

µ ⇠ pT ✓ij
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<latexit sha1_base64="lPMsw2qdIhwLTy6N2lhnI1j5u6E=">AAACF3icbVDLSgMxFM3UV62vqks3wSK4KjNSH8uiIC4r2FroDCWTpm1okhmSO9Iy9DcEV/on7sStS3/EtWk7C9t6IHA4517uyQljwQ247reTW1ldW9/Ibxa2tnd294r7Bw0TJZqyOo1EpJshMUxwxerAQbBmrBmRoWCP4eBm4j8+MW14pB5gFLNAkp7iXU4JWMn3gQ0hveU9fD5uF0tu2Z0CLxMvIyWUodYu/vidiCaSKaCCGNPy3BiClGjgVLBxwU8MiwkdkB5rWaqIZCZIp5nH+MQqHdyNtH0K8FT9u5ESacxIhnZSEuibRW8i/usNZwfmtFAupIHuVZByFSfAFJ2F6SYCQ4QnJeEO14yCGFlCqOb2P5j2iSYUbJUFW5S3WMsyaZyVvYty5b5Sql5nleXRETpGp8hDl6iK7lAN1RFFMXpGr+jNeXHenQ/nczaac7KdQzQH5+sXTdWgqw==</latexit>

Fig 5

<latexit sha1_base64="AfY78Zxz7b881R6FTW9BLE8FsqI="></latexit>

e+A, 10⇥ 100 GeV, 4⇥ 108 events

1.0 < ⌘ < 3.5, 20 < pT < 30 GeV

<latexit sha1_base64="AfY78Zxz7b881R6FTW9BLE8FsqI="></latexit>

e+A, 10⇥ 100 GeV, 4⇥ 108 events

1.0 < ⌘ < 3.5, 20 < pT < 30 GeV

<latexit sha1_base64="ZW94k0U76fQSitxgYUI+Q+7ESMU=">AAACGXicbVC7TgJBFJ3FF+ILtbTZSEysyK4hakm0ECwMJvJIYCWzwwUmzD4yc9dANvyHiZX+iZ2xtfJHrB1gCwFPMsnJOffmnjluKLhCy/o2Uiura+sb6c3M1vbO7l52/6CmgkgyqLJABLLhUgWC+1BFjgIaoQTquQLq7uB64tefQCoe+A84CsHxaM/nXc4oaumxhTDEGErl2/LdzbidzVl5awpzmdgJyZEElXb2p9UJWOSBj0xQpZq2FaITU4mcCRhnWpGCkLIB7UFTU596oJx4mnpsnmilY3YDqZ+P5lT9uxFTT6mR5+pJj2JfLXoT8V9vODswp7neQhrsXjox98MIwWezMN1ImBiYk5rMDpfAUIw0oUxy/R+T9amkDHWZGV2UvVjLMqmd5e3zfOG+kCteJZWlyRE5JqfEJhekSEqkQqqEEUmeySt5M16Md+PD+JyNpoxk55DMwfj6BcnsoXI=</latexit>

eHIJING

<latexit sha1_base64="J5lbC1YZQ+Z0TPiEW2uEPAkGb9E="></latexit>

hEnEni Nuclear Size Dependence

<latexit sha1_base64="m71POmi/EB9diVDjKABJ/UWx3FM=">AAACF3icbVDLSgMxFL1TX7W+qi7dBIvgQoYZqY9NoehGcFPBPqAdSibNtKGZzJBkxFLqZwiu9E/ciVuX/ohr03YWtvVA4HDOvdyT48ecKe0431ZmaXlldS27ntvY3Nreye/u1VSUSEKrJOKRbPhYUc4ErWqmOW3EkuLQ57Tu96/Hfv2BSsUica8HMfVC3BUsYARrI7UEKiHHPjt5ui0V2/mCYzsToEXipqQAKSrt/E+rE5EkpEITjpVquk6svSGWmhFOR7lWomiMSR93adNQgUOqvOEk8wgdGaWDgkiaJzSaqH83hjhUahD6ZjLEuqfmvbH4r/c4PTCj+eFcGh1cekMm4kRTQaZhgoQjHaFxSajDJCWaDwzBRDLzH0R6WGKiTZU5U5Q7X8siqZ3a7rldvCsWyldpZVk4gEM4BhcuoAw3UIEqEIjhGV7hzXqx3q0P63M6mrHSnX2YgfX1C5Gunws=</latexit>
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<latexit sha1_base64="Bh3drwcpLUNdyLOmpXzN72dNxgI="></latexit>

Peak Value ⇡ 0.0173A0.261

COLD NUCLEAR EFFECTS AND JET SUBSTRUCTURE 
Jet substructure enables us to study image cold nuclear matter effects at the future EIC!

We must also dream big and try to probe higher point structure.  
Higher point structure provides us deeper insight into medium modification!

Devereaux, Fan, Ke, KL, Moult `23
Chen, Moult, Thaler, Zhu `22

<latexit sha1_base64="Zy+cLNb4Fa4tKYzNKgu3PtFfvDQ=">AAACLHicbVDLSsNAFJ3UV219tLp0EyyCIJREirqsunFZwT6gDWUyuW2HTh7M3EhL6Ge41T/wa9yIuPU7nLRZ2NYDA4dz7uWeOW4kuELL+jRyG5tb2zv53UJxb//gsFQ+aqkwlgyaLBSh7LhUgeABNJGjgE4kgfqugLY7vk/99jNIxcPgCacROD4dBnzAGUUtdeGihzDB5Dae9UsVq2rNYa4TOyMVkqHRLxvFnhey2IcAmaBKdW0rQiehEjkTMCv0YgURZWM6hK6mAfVBOck888w804pnDkKpX4DmXP27kVBfqanv6kmf4kiteqn4rzdZHFjSPJUeWdZcfyUhDm6chAdRjBCwRcBBLEwMzbQ40+MSGIqpJpRJrv9oshGVlKGut1DQ9dmrZa2T1mXVvqrWHmuV+l1WZJ6ckFNyTmxyTerkgTRIkzASkhfySt6Md+PD+DK+F6M5I9s5Jkswfn4B29qoEA==</latexit>

e+Au<latexit sha1_base64="kJoZljq5bI6ejrT95ooQ0o9Pooo=">AAACK3icbVDLSsNAFJ3UV219tLp0EyyCIJREirosunFZwT6wDWUyuW2HTiZh5kZaQv/Crf6BX+NKcet/OH0sbOuBgcM593LPHD8WXKPjfFqZjc2t7Z3sbi6/t39wWCgeNXSUKAZ1FolItXyqQXAJdeQooBUroKEvoOkP76Z+8xmU5pF8xHEMXkj7kvc4o2ikJ7joIIwwjSfdQskpOzPY68RdkBJZoNYtWvlOELEkBIlMUK3brhOjl1KFnAmY5DqJhpiyIe1D21BJQ9BeOos8sc+MEti9SJkn0Z6pfzdSGmo9Dn0zGVIc6FVvKv7rjeYHlrRAT48sa364khB7N17KZZwgSDYP2EuEjZE97c0OuAKGYmwIZYqbP9psQBVlaNrN5Ux97mpZ66RxWXavypWHSql6uygyS07IKTknLrkmVXJPaqROGJHkhbySN+vd+rC+rO/5aMZa7ByTJVg/vzkDp8A=</latexit>

e+ p

17
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MEASURING ON TRACKS
Experimentally, measurements on tracks are advantageous because much more precise 
measurements are possible

Recent advancements in energy correlators fueled much theoretical developments to carry 
out high precision calculation of jet substructure on tracks!

In order to unlock QCD dynamics and more, precision measurements are important!

Jet shape Energy correlators

space of the state          vs         space of the detectors

18/32

NP functions NP numbers<latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=) <latexit sha1_base64="oXTnIbdTnsvN3Ycd8Ws7vCcYyys=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWakqMuiG5cV7APaoWQymTY0yQxJRixDf8KtfoFf40669UvMtLOwrRcCh3Pu5ZycIOFMG9edw9LW9s7uXnnfOTg8Oj6pVE87Ok4VoW0S81j1AqwpZ5K2DTOc9hJFsQg47QaTh1zvvlClWSyfzTShvsAjySJGsLFUb8CEdaF6WKm5dXcxaBN4BaiBYlrDKnQGYUxSQaUhHGvd99zE+BlWhhFOZ84g1TTBZIJHtG+hxIJqP1sEnqFLy4QoipV90qAF+/ciw0LrqQjspsBmrNe1nPxXe10arHChzk1WuUCsJTTRnZ8xmaSGSrIMGKUcmRjlraGQKUoMn1qAiWL2j4iMscLE2G4d25633tUm6FzXvZt646lRa94XPZbBObgAV8ADt6AJHkELtAEBHLyBd/ABP+EX/Ibz5WoJFjdnYGXgzy/tn6bS</latexit>

=)
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TRACK FUNCTION FORMALISM
Chang, Procura, Thaler, Waalewijn `13

First formalism to study observables on tracks developed over a decade ago, and 
developments have rapidly advanced in recent years.

Li, Moult, Waalewijn, Zhu et al `21, 22
<latexit sha1_base64="r8rS84Yatg5pSHtfZoaLJP/ebFs="></latexit>
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KL, Moult `23
KL, Moult, Ringer, Waalewijn `23

19/32

<latexit sha1_base64="Ti2pZN4ax5Qy09u5YXR+o3kVuZE=">AAACNnicbVC7TsMwFHXKq4RXC2wsFhUSU5W0FTBWsDAWiT4kkkaO47ZWHSeyHUSJ+i+s8AX8CgsbYuUTcNoMtOVKlo7OuVfn+Pgxo1JZ1odRWFvf2Nwqbps7u3v7B6XyYUdGicCkjSMWiZ6PJGGUk7aiipFeLAgKfUa6/vgm07uPREga8Xs1iYkboiGnA4qR0pRXOratft1RNCTSGaM4Rl6tX/dKFatqzQauAjsHFZBPyysbphNEOAkJV5ghKR9sK1ZuioSimJGp6SSSxAiP0ZA8aMiR9nPTWfwpPNNMAAeR0I8rOGP/XqQolHIS+nozRGokl7WM/Fd7mhsscIHMTBY5P1xKqAZXbkp5nCjC8TzgIGFQRTDrEAZUEKzYRAOEBdV/hHiEBMJKN23q9uzlrlZBp1a1L6qNu0aleZ33WAQn4BScAxtcgia4BS3QBhg8gxfwCt6Md+PT+DK+56sFI785Agtj/PwCw2yrJw==</latexit>10 3
⇥
 3
2

<latexit sha1_base64="mQl4MHyIrWR2XzIuTnWm40C3AHY=">AAACNnicbVC7TsMwFHXKq4RXC2wsFhUSU5WUChgrWBiLRB9Sk0aO47RW7SSyHUSp+i+s8AX8CgsbYuUTcNoMtOVKlo7OuVfn+PgJo1JZ1odRWFvf2Nwqbps7u3v7B6XyYVvGqcCkhWMWi66PJGE0Ii1FFSPdRBDEfUY6/ug20zuPREgaRw9qnBCXo0FEQ4qR0pRXOratft1RlBPpjFCSIO+iX/NKFatqzQauAjsHFZBP0ysbphPEOOUkUpghKXu2lSh3goSimJGp6aSSJAiP0ID0NIyQ9nMns/hTeKaZAIax0C9ScMb+vZggLuWY+3qTIzWUy1pG/qs9zQ0WuEBmJoucz5cSqvDandAoSRWJ8DxgmDKoYph1CAMqCFZsrAHCguo/QjxEAmGlmzZ1e/ZyV6ugXaval9X6fb3SuMl7LIITcArOgQ2uQAPcgSZoAQyewQt4BW/Gu/FpfBnf89WCkd8cgYUxfn4BxTurKA==</latexit> 10
4
⇥


2 3

<latexit sha1_base64="XHDlhDMU2sM6KaQKWbfp71cyEpk=">AAACKHicbVDLSgMxFE3qq46vVpdugkVwVWZEqsuiG5cV7APaoWQymTY0kwlJRixDf8KtfoFf40669UvMtLOwrQcCh3Pu5Z6cQHKmjevOYWlre2d3r7zvHBweHZ9UqqcdnaSK0DZJeKJ6AdaUM0HbhhlOe1JRHAecdoPJQ+53X6jSLBHPZiqpH+ORYBEj2FipN5hgKfGwMazU3Lq7ANokXkFqoEBrWIXOIExIGlNhCMda9z1XGj/DyjDC6cwZpJpKTCZ4RPuWChxT7WeLwDN0aZUQRYmyTxi0UP9uZDjWehoHdjLGZqzXvVz813tdHljRQp0fWdWCeC2hie78jAmZGirIMmCUcmQSlLeGQqYoMXxqCSaK2T8iMsYKE2O7dWx73npXm6RzXfca9Zunm1rzvuixDM7BBbgCHrgFTfAIWqANCODgDbyDD/gJv+A3nC9HS7DYOQMrgD+/YJimgQ==</latexit>  6
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<latexit sha1_base64="qiL0SbnLsc0zry2Kv81HYBRhTgA=">AAACKnicbVDLSsNAFJ3UV42vVpdugkVwVRIRdVl046JIBfvANpTJZNIOnUzCzI20hP6FW/0Cv8ZdceuHOGmzsK0HBg7n3Ms9c7yYMwW2PTMKG5tb2zvFXXNv/+DwqFQ+bqkokYQ2ScQj2fGwopwJ2gQGnHZiSXHocdr2RveZ336lUrFIPMMkpm6IB4IFjGDQ0ksP6BjSx3p92i9V7Ko9h7VOnJxUUI5Gv2yYPT8iSUgFEI6V6jp2DG6KJTDC6dTsJYrGmIzwgHY1FTikyk3nkafWuVZ8K4ikfgKsufp3I8WhUpPQ05MhhqFa9TLxX2+8OLCk+So7sqx54UpCCG7dlIk4ASrIImCQcAsiK+vN8pmkBPhEE0wk03+0yBBLTEC3a+r2nNWu1knrsupcV6+eriq1u7zHIjpFZ+gCOegG1dADaqAmIkigN/SOPoxP48uYGd+L0YKR75ygJRg/v3Ecp5Y=</latexit>

NLL

<latexit sha1_base64="WbbVXnJkJpGhN4U7uP0uPrJ3pDY="></latexit>p
s = 13 TeV, 550 > pT > 500 GeV, R = 0.6, |⌘| < 2.1
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<latexit sha1_base64="bSWwRKbAsJ5U+F5OAdNa8SEGq/E="></latexit>p
s = 140GeV, 25 > Q > 15GeV, R = 0.8, 0.8 > z > 0.3, 0.7 > y > 0.2

<latexit sha1_base64="JLPgmDEFGLhgrfT6Esv3rEiYdcg=">AAACK3icbVDLSsNAFJ3UV42vVpdugkVwVRIRdVkVocsq9gFtKJPJpB06yYSZG2kJ/Qy3+gV+jSvFrf/hpM3Cth4YOJxzL/fM8WLOFNj2p1FYW9/Y3Cpumzu7e/sHpfJhS4lEEtokggvZ8bCinEW0CQw47cSS4tDjtO2N7jK//UylYiJ6gklM3RAPIhYwgkFL3R7QMaT1+8ebab9Usav2DNYqcXJSQTka/bJh9nxBkpBGQDhWquvYMbgplsAIp1OzlygaYzLCA9rVNMIhVW46yzy1TrXiW4GQ+kVgzdS/GykOlZqEnp4MMQzVspeJ/3rj+YEFzVfZkUXNC5cSQnDtpiyKE6ARmQcMEm6BsLLiLJ9JSoBPNMFEMv1HiwyxxAR0vaZuz1nuapW0zqvOZfXi4aJSu817LKJjdILOkIOuUA3VUQM1EUECvaBX9Ga8Gx/Gl/E9Hy0Y+c4RWoDx8wv+v6fa</latexit>

HERA

<latexit sha1_base64="GNg1wZ516bMS91H1QB8MH6c/tAw=">AAACKnicbVDLSsNAFJ3UV42vVpdugkVwVRIRdVksgu4q2Ae2oUwmk3boZBJmbqQl9C/c6hf4Ne6KWz/ESZuFbT0wcDjnXu6Z48WcKbDtmVHY2Nza3inumnv7B4dHpfJxS0WJJLRJIh7JjocV5UzQJjDgtBNLikOP07Y3qmd++5VKxSLxDJOYuiEeCBYwgkFLLz2gY0jvH+vTfqliV+05rHXi5KSCcjT6ZcPs+RFJQiqAcKxU17FjcFMsgRFOp2YvUTTGZIQHtKupwCFVbjqPPLXOteJbQST1E2DN1b8bKQ6VmoSengwxDNWql4n/euPFgSXNV9mRZc0LVxJCcOumTMQJUEEWAYOEWxBZWW+WzyQlwCeaYCKZ/qNFhlhiArpdU7fnrHa1TlqXVee6evV0Vand5T0W0Sk6QxfIQTeohh5QAzURQQK9oXf0YXwaX8bM+F6MFox85wQtwfj5BUxxp4E=</latexit>

EIC

<latexit sha1_base64="3tnGAY9IcZte7ilw6m6yTRSVacs=">AAACLnicbVDLSgMxFM3UV62vVpdugkVwVWakqMtiERSKVLAPaGvJZDJtaOZBckdahv6HW/0Cv0ZwIW79DDPtLGzrgcDhnHu5J8cOBVdgmp9GZm19Y3Mru53b2d3bP8gXDpsqiCRlDRqIQLZtopjgPmsAB8HaoWTEswVr2aNq4reemVQ88B9hErKeRwY+dzkloKWnLrAxxDd3VXxfq037+aJZMmfAq8RKSRGlqPcLRq7rBDTymA9UEKU6lhlCLyYSOBVsmutGioWEjsiAdTT1icdUL57FnuJTrTjYDaR+PuCZ+ncjJp5SE8/Wkx6BoVr2EvFfbzw/sKA5KjmyqNneUkJwr3ox98MImE/nAd1IYAhw0h12uGQUxEQTQiXXf8R0SCShoBvO6fas5a5WSfO8ZF2Uyg/lYuU67TGLjtEJOkMWukQVdIvqqIEokugFvaI34934ML6M7/loxkh3jtACjJ9fuMeorw==</latexit>

EIC NLL

<latexit sha1_base64="2qSko/vmKKD7gq+ixGEaaB6bsss=">AAACMXicbVDLTgIxFO3gC8cHoEs3jcTEFZkxRl2ixoQFMWjkkcCEdEqBhs4j7R0DmfAlbvUL/Bp2xq0/YQdmIeBJmpycc2/u6XFDwRVY1szIbGxube9kd829/YPDXL5w1FBBJCmr00AEsuUSxQT3WR04CNYKJSOeK1jTHd0nfvOVScUD/wUmIXM8MvB5n1MCWurmcx1gY4grD8+3+LFanXbzRatkzYHXiZ2SIkpR6xYMs9MLaOQxH6ggSrVtKwQnJhI4FWxqdiLFQkJHZMDamvrEY8qJ58mn+EwrPdwPpH4+4Ln6dyMmnlITz9WTHoGhWvUS8V9vvDiwpPVUcmRZc72VhNC/cWLuhxEwny4C9iOBIcBJfbjHJaMgJpoQKrn+I6ZDIgkFXbKp27NXu1onjYuSfVW6fLoslu/SHrPoBJ2ic2Sja1RGFVRDdURRhN7QO/owPo2Z8WV8L0YzRrpzjJZg/PwC6wSpOQ==</latexit>

HERA NLL
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<latexit sha1_base64="kjxgs53srJK4fN3eVOiWArR190Y="></latexit>

Track Energy Fraction Inside Jets in DIS<latexit sha1_base64="NVuib/u/gZjgXjRsR5NvOHkjt/w="></latexit>

Track Energy Fraction Inside Jets at the LHC

<latexit sha1_base64="fHVb4fVH05lv4Yj+5HtzSUSzYy0="></latexit>p
s = 320GeV, 60 > Q > 40GeV, R = 0.8, 0.8 > z > 0.3, 0.7 > y > 0.2

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="iifLLVpDD61PIiPGMz2hxGWRct4=">AAACUHicbZHNSgMxEMdn6/f6VfXoJVgET8uuiHoUBRFPClYFW0o2nWowm12SWbEsfQufxqs+gTffxJtm2yq2OhDy5zcTZuafOFPSUhi+e5WJyanpmdk5f35hcWm5urJ6adPcCKyLVKXmOuYWldRYJ0kKrzODPIkVXsX3R2X+6gGNlam+oG6GzYTfatmRgpNDrWrQIHyk4sJwcc9OkdhxrkWZsuzBBmzAf1ivVa2FQdgP9ldEQ1GDYZy1Vjy/0U5FnqAmobi1N1GYUbPghqRQ2PMbucXMNeG3eOOk5gnaZtFfrMc2HWmzTmrc0cT69PeLgifWdpPYVSac7ux4roT/5h4HDUZY25ZNRlmcjE1Inf1mIXWWE2oxGLCTK0YpK91lbWlQkOo6wYWRbkcm7rgzkdwf+M69aNyrv+JyO4h2g53zndrB4dDHWViHDdiCCPbgAE7gDOog4Ame4QVevTfvw/useIPS7xvWYCQq/heo8bSB</latexit>

Track Jet Functions vs. Track Functions <latexit sha1_base64="LT2hqRt0pcBQbaqWErUADsYf8as="></latexit>

Quark and Gluon Track Jet Functions

<latexit sha1_base64="X1vNYrt7HZxDe7aA3LGI6LDCpRw="></latexit>
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d� dx
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<latexit sha1_base64="X1vNYrt7HZxDe7aA3LGI6LDCpRw="></latexit>

1 �

d� dx
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k

<latexit sha1_base64="VFmXInPwZAYzkifOUOqMCdMViBY=">AAACN3icbVBLS0JBGJ1rL7OXFq3aDEnQIuTekGoptYmIUsgHqMjc8VMH5z6Y+W4oF39M2/oF/ZRW7aJt/6DxsUjtwMDhnO/jO3PcUAqNtv1hJVZW19Y3kpupre2d3b10Zr+ig0hxKPNABqrmMg1S+FBGgRJqoQLmuRKqbv9m7FefQWkR+E84DKHpsa4vOoIzNFIrfdhAGGBcipjq0zvAM/pw/zhqpbN2zp6ALhNnRrJkhmIrY6Ua7YBHHvjIJdO67tghNmOmUHAJo1Qj0hAy3mddqBvqMw90M57kH9ETo7RpJ1Dm+Ugn6t+NmHlaDz3XTHoMe3rRG4v/eoPpgTmtrcdH5jXXW0iInatmLPwwQvD5NGAnkhQDOi6RtoUCjnJoCONKmD9S3mOKcTRVp0x7zmJXy6RynnMucvlSPlu4nvWYJEfkmJwSh1ySArklRVImnMTkhbySN+vd+rS+rO/paMKa7RyQOVg/vwUnq8s=</latexit>

Quark Jet, NLO
<latexit sha1_base64="gGJFcoKpPbKtjLwGlayO0HxaxqE=">AAACN3icbVDLSgMxFM3Ud321iis3wSK4kDIjoi6LLhQRH2BbwQ4lk962wUxmSO6IZejHuNUv8FNcuRO3/oFpOwtbPRA4nHMv9+QEsRQGXffdyU1Nz8zOzS/kF5eWV1YLxbWaiRLNocojGem7gBmQQkEVBUq4izWwMJBQDx5OBn79EbQRkbrFXgx+yDpKtAVnaKVmYaOB8ITpqUwiRc8Bd+nlxVW/WSi5ZXcI+pd4GSmRDNfNopNvtCKehKCQS2bMvefG6KdMo+AS+vlGYiBm/IF14N5SxUIwfjrM36fbVmnRdqTtU0iH6u+NlIXG9MLAToYMu2bSG4j/ek+jA2NaywyOjGtBOJEQ20d+KlScICg+CthOJMWIDkqkLaGBo+xZwrgW9o+Ud5lmHG3VedueN9nVX1LbK3sH5f2b/VLlOOtxnmySLbJDPHJIKuSMXJMq4SQlz+SFvDpvzofz6XyNRnNOtrNOxuB8/wAG0KvM</latexit>

Gluon Jet, NLO

<latexit sha1_base64="PQPNm4vWthLANnBgkYpkiEoBDak=">AAACNnicbVDLSgMxFM3Ud3216s5NsAgupMyIqEvRhSKCClYL7VAy6a0NzWSG5I60Dv0Xt/oF/oobd+LWTzBtZ2GrBwKHc+7lnpwglsKg6747uanpmdm5+YX84tLyymqhuHZnokRzqPBIRroaMANSKKigQAnVWAMLAwn3Qed04N8/gjYiUrfYi8EP2YMSLcEZWqlR2KgjdDE9k0mk6AXgLr286jcKJbfsDkH/Ei8jJZLhulF08vVmxJMQFHLJjKl5box+yjQKLqGfrycGYsY77AFqlioWgvHTYfw+3bZKk7YibZ9COlR/b6QsNKYXBnYyZNg2k95A/Nfrjg6MaU0zODKuBeFEQmwd+alQcYKg+ChgK5EUIzrokDaFBo6yZwnjWtg/Ut5mmnG0Tedte95kV3/J3V7ZOyjv3+yXjk+yHufJJtkiO8Qjh+SYnJNrUiGcPJFn8kJenTfnw/l0vkajOSfbWSdjcL5/AFKvq3Q=</latexit>

Gluon Jet, LO

<latexit sha1_base64="o686lyUT2skYkdMEykuNHn1NMl0=">AAACNnicbVBLS0JBGJ1rL7OXVrs2QxK0CLk3pFpKbSKCFPIBKjJ3/NTBuQ9mvhvaxf/Stn5Bf6VNu2jbT2h8LFI7MHA45/v4zhw3lEKjbX9YiZXVtfWN5GZqa3tndy+d2a/oIFIcyjyQgaq5TIMUPpRRoIRaqIB5roSq278Z+9UnUFoE/iMOQ2h6rOuLjuAMjdRKHzYQBhiXIqb69A7wjN4/jFrprJ2zJ6DLxJmRLJmh2MpYqUY74JEHPnLJtK47dojNmCkUXMIo1Yg0hIz3WRfqhvrMA92MJ/FH9MQobdoJlHk+0on6dyNmntZDzzWTHsOeXvTG4r/eYHpgTmvr8ZF5zfUWEmLnqhkLP4wQfD4N2IkkxYCOO6RtoYCjHBrCuBLmj5T3mGIcTdMp056z2NUyqZznnItcvpTPFq5nPSbJETkmp8Qhl6RAbkmRlAknz+SFvJI36936tL6s7+lowprtHJA5WD+/UQercw==</latexit>

Quark Jet, LO

<latexit sha1_base64="iTctbwYXMq+HFzyd7pLc6wdhARE=">AAACOXicbVDLTgIxFO3gC/EFunDhppGYuDBkxhB1SXTjwigkvBIgpFMKNHQ6k/aOgUz4Grf6BX6JS3fGrT9gB2Yh4EmanJxzb++9xw0E12DbH1ZqbX1jcyu9ndnZ3ds/yOYO69oPFWU16gtfNV2imeCS1YCDYM1AMeK5gjXc0V3sN56Z0tyXVZgErOORgeR9TgkYqZs9bgMbQ1QJiRrhqiJ0dIEfH56m3WzeLtgz4FXiJCSPEpS7OSvT7vk09JgEKojWLccOoBMRBZwKNs20Q80C8z8ZsJahknhMd6LZBVN8ZpQe7vvKPAl4pv7tiIin9cRzTaVHYKiXvVj81xvPByxoPR0PWdRcb2lD6N90Ii6DEJik8wX7ocDg4zhG3OOKURATQwhV3NyI6ZCY/MCEnTHpOctZrZL6ZcG5KhQrxXzpNskxjU7QKTpHDrpGJXSPyqiGKJqiF/SK3qx369P6sr7npSkr6TlCC7B+fgHOSKyx</latexit>

Quark Track, NLO
<latexit sha1_base64="IvrCx8DoWWwnwvP62MF+dkn3ZKk=">AAACOXicbVDLTgIxFO3gC/EFunDhppGYuDBkxhB1SXShC6OY8EqAkE4p0NDpTNo7BjLha9zqF/glLt0Zt/6AHZiFgCdpcnLOvb33HjcQXINtf1ipldW19Y30ZmZre2d3L5vbr2k/VJRVqS981XCJZoJLVgUOgjUCxYjnClZ3hzexX39mSnNfVmAcsLZH+pL3OCVgpE72sAVsBNGtCH2JK4rQ4Rl+uH+cdLJ5u2BPgZeJk5A8SlDu5KxMq+vT0GMSqCBaNx07gHZEFHAq2CTTCjULzP+kz5qGSuIx3Y6mF0zwiVG6uOcr8yTgqfq3IyKe1mPPNZUegYFe9GLxX280GzCndXU8ZF5zvYUNoXfVjrgMQmCSzhbshQKDj+MYcZcrRkGMDSFUcXMjpgNi8gMTdsak5yxmtUxq5wXnolB8KuZL10mOaXSEjtEpctAlKqE7VEZVRNEEvaBX9Ga9W5/Wl/U9K01ZSc8BmoP18wvP86yy</latexit>

Gluon Track, NLO

<latexit sha1_base64="VFmXInPwZAYzkifOUOqMCdMViBY=">AAACN3icbVBLS0JBGJ1rL7OXFq3aDEnQIuTekGoptYmIUsgHqMjc8VMH5z6Y+W4oF39M2/oF/ZRW7aJt/6DxsUjtwMDhnO/jO3PcUAqNtv1hJVZW19Y3kpupre2d3b10Zr+ig0hxKPNABqrmMg1S+FBGgRJqoQLmuRKqbv9m7FefQWkR+E84DKHpsa4vOoIzNFIrfdhAGGBcipjq0zvAM/pw/zhqpbN2zp6ALhNnRrJkhmIrY6Ua7YBHHvjIJdO67tghNmOmUHAJo1Qj0hAy3mddqBvqMw90M57kH9ETo7RpJ1Dm+Ugn6t+NmHlaDz3XTHoMe3rRG4v/eoPpgTmtrcdH5jXXW0iInatmLPwwQvD5NGAnkhQDOi6RtoUCjnJoCONKmD9S3mOKcTRVp0x7zmJXy6RynnMucvlSPlu4nvWYJEfkmJwSh1ySArklRVImnMTkhbySN+vd+rS+rO/paMKa7RyQOVg/vwUnq8s=</latexit>

Quark Jet, NLO
<latexit sha1_base64="gGJFcoKpPbKtjLwGlayO0HxaxqE=">AAACN3icbVDLSgMxFM3Ud321iis3wSK4kDIjoi6LLhQRH2BbwQ4lk962wUxmSO6IZejHuNUv8FNcuRO3/oFpOwtbPRA4nHMv9+QEsRQGXffdyU1Nz8zOzS/kF5eWV1YLxbWaiRLNocojGem7gBmQQkEVBUq4izWwMJBQDx5OBn79EbQRkbrFXgx+yDpKtAVnaKVmYaOB8ITpqUwiRc8Bd+nlxVW/WSi5ZXcI+pd4GSmRDNfNopNvtCKehKCQS2bMvefG6KdMo+AS+vlGYiBm/IF14N5SxUIwfjrM36fbVmnRdqTtU0iH6u+NlIXG9MLAToYMu2bSG4j/ek+jA2NaywyOjGtBOJEQ20d+KlScICg+CthOJMWIDkqkLaGBo+xZwrgW9o+Ud5lmHG3VedueN9nVX1LbK3sH5f2b/VLlOOtxnmySLbJDPHJIKuSMXJMq4SQlz+SFvDpvzofz6XyNRnNOtrNOxuB8/wAG0KvM</latexit>

Gluon Jet, NLO



Kyle Lee

ENERGY CORRELATORS ON TRACK
19.5/32

From this “detector” as a fundamental operator perspective, track function formalism provides the 
essential matching between partonic and hadronic detectors.

<latexit sha1_base64="fsiNG4V1APRrvzYzR8BBWZvWTJQ="></latexit>

hER (~n1) ER (~n2) · · · ER (~nk)i

=
X

i1,i2,···ik

Ti1(1) · · ·Tik(1) hEi1 (~n1) Ei2 (~n2) · · · Eik (~nk)i

+ contact terms moments of T+ contact terms. Requires up to 
<latexit sha1_base64="lAkB91aDbDzdF7DeVqakF4n/GwY=">AAACNHicbVDLSsNAFJ34rPHV1qWbwSK4sSRS1GXRjcsK9gFtKJPJtB06k4SZG2kJ/RW3+gX+i+BO3PoNTtosbOuBgcM593LPHD8WXIPjfFgbm1vbO7uFPXv/4PDouFgqt3SUKMqaNBKR6vhEM8FD1gQOgnVixYj0BWv74/vMbz8zpXkUPsE0Zp4kw5APOCVgpH6xPO4Bm0B6CSMsI8lCmPWLFafqzIHXiZuTCsrR6JcsuxdENMm2qSBad10nBi8lCjgVbGb3Es1iQsdkyLqGhkQy7aXz8DN8bpQADyJlXgh4rv7dSInUeip9MykJjPSql4n/epPFgSUt0NmRZc2XKwlhcOulPIwTYCFdBBwkAkOEswZxwBWjIKaGEKq4+SOmI6IIBdOzbdpzV7taJ62rqntdrT3WKvW7vMcCOkVn6AK56AbV0QNqoCaiaIJe0Ct6s96tT+vL+l6Mblj5zglagvXzC+dnq1U=</latexit>

k-th moment

Aside from the fact that this is technically much simpler, it only involves NP numbers, not functions.

Up to 6 point EEC computed on tracks at NLL!
Jaarsma, Li, Moult, Waalewijn, Zhu `23

<latexit sha1_base64="DLVLycyDpyJb30cKkWUi7CB+Gvk="></latexit>

hE (n1) E (n2) · · · E (nk)i ! hER (n1) ER (n2) · · · ER (nk)i ! hER1 (n1) ER2 (n2) · · · ERk (nk)i

<latexit sha1_base64="ckMC3Q1qgLPq/u+GfZJiXBf1JpU="></latexit>
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Kyle Lee

STRONG COUPLING DETERMINATION

Ratio of projected energy correlators is directly sensitive to the strong coupling constant.

<latexit sha1_base64="8enzWjpKg5NyzGUJwg+U5BezFAg=">AAACQnicbVDLTgJBEJzFF+IL9OhlIjHBC9k1RD0SvRhPmMgjYQnpHQaYMLM7mZk1kg1Xv8arfoE/4S94M149OMAeBKykk0pVd7q7AsmZNq774WTW1jc2t7LbuZ3dvf2DfOGwoaNYEVonEY9UKwBNOQtp3TDDaUsqCiLgtBmMbqZ+85EqzaLwwYwl7QgYhKzPCBgrdfPYH4JJ/AEIAZPS3Rn2pYqkibAPXA6hq7v5olt2Z8CrxEtJEaWodQtOzu9FJBY0NISD1m3PlaaTgDKMcDrJ+bGmEsgIBrRtaQiC6k4ye2WCT63Sw/1I2QoNnql/JxIQWo9FYDsFmKFe9qbiv97TfMGC1tPTJYtaIJYuNP2rTsJCGRsakvmB/ZhjG9E0T9xjihLDx5YAUcz+iMkQFBBjU8/Z9LzlrFZJ47zsXZQr95Vi9TrNMYuO0QkqIQ9doiq6RTVURwQ9oxf0it6cd+fT+XK+560ZJ505Qgtwfn4BtkCwow==</latexit>

�̂(J) / ↵s

Chen, Gao, Li, Xu, Zhang, Zhu`23

CMS Collaboration `23

How strong is the Strong Force? 

Quarks are never free and thus it is very hard to measure their coupling!

In comparison, EM coupling: 
<latexit sha1_base64="AsxUhIqOHCmyQdSJREwVS4kF1So="></latexit>

↵e = 0.0072973525693(11)

20/32



Kyle Lee

M. Swiatlowski (TRIUMF) August 4, 2023

EECs for … in practiceαs

33

Chengfeng 

Huge amount of effort! %

Now need to scrutinize 
and understand… #

(Overlay from MLB)STRONG COUPLING DETERMINATION

CMS collaboration carried out most precise determination of the strong coupling constant for jet 
substructure!

Energy Correlators in Jet

CMS Collaboration `23

Important milestone for jet substructure precision study!

21/32
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HADRONIZATION



Kyle Lee

Energy correlators allow the hadronization process to be directly imaged inside high energy 
jets: transition from interacting quarks and gluons and free hadrons is clearly visible!

<latexit sha1_base64="l/sIQKNJL9Bzc+rGkmFtcyQ/3vM="></latexit>

E (n̂1) E (n̂2) ⇠
X

✓⌧i�4
Oi (n̂1)

Interacting quarks and gluons
Free hadrons

Hofman, Maldacena, `08

EEC gives angular scale

<latexit sha1_base64="wb/i+f8kOrkmHhMlwyUEsg+ux2U="></latexit>

d�

d✓2
= const

<latexit sha1_base64="ChliF9z7XyBOqY3MS4CTjAShhF8="></latexit>

d�

d✓
= const⇥ 2✓

Kyle Lee

ALI-PREL-539525

ALI-PREL-539525
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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>
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<latexit sha1_base64="SWRV6Pk+9jc3vaiAbxIG9oDZNEg="></latexit>
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<latexit sha1_base64="EZhaTIlj+O4XyIjF6s0orYdbrCQ="></latexit>
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<latexit sha1_base64="ciyVokcB24s0+614IwipyFnlgnQ="></latexit>�
KL, Meçaj, Moult `22

Komiske, Moult, Thaler, Zhu `22

<latexit sha1_base64="X6klVkvHu1ri0QxtGhsaFq6kaCY=">AAACOXicbVDLSsNAFJ34rPXV6sKFm8EiuCqJFHVZdOOyQl/QhDCZTNuxM0mYuRFLyNe41S/wS1y6E7f+gNPHwrYeuHA4517uvSdIBNdg2x/W2vrG5tZ2Yae4u7d/cFgqH7V1nCrKWjQWseoGRDPBI9YCDoJ1E8WIDATrBKO7id95YkrzOGrCOGGeJIOI9zklYCS/dOLK1NVc4sRvYheGDIif8cfcL1Xsqj0FXiXOnFTQHA2/bBXdMKapZBFQQbTuOXYCXkYUcCpYXnRTzRJCR2TAeoZGRDLtZdMPcnxulBD3Y2UqAjxV/05kRGo9loHplASGetmbiP96z7MFC1qoJ0sWtUAuXQj9Gy/jUZICi+jswH4qMMR4EiMOuWIUxNgQQhU3P2I6JIpQMGEXTXrOclarpH1Zda6qtYdapX47z7GATtEZukAOukZ1dI8aqIUoytELekVv1rv1aX1Z37PWNWs+c4wWYP38AqDGrSw=</latexit>

µ ⇠ pT ✓ij

QUARK GLUON SCALING AND HADRONIZATIONQUARK GLUON SCALING AND HADRONIZATION
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Kyle Lee

WHAT IS A DETECTOR?
Collider detector can give us more than just an energy flow. What constitutes a field-theoretically 
well-defined detector? Caron-Huot, Kologlu, Kravchuk, Meltzer, Simmons-Duffin`22

Well-defined detectors provide sharp link with underlying field theory through observables!

<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/g R/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

KL, Moult `23

23/32



Kyle Lee

<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/g R/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

WHAT IS A DETECTOR?
Collider detector can give us more than just an energy flow. What constitutes a field-theoretically 
well-defined detector?

<latexit sha1_base64="nIhdtWDm/2FgdlD8tGKpCv6+ts4=">AAACS3icbVDLSgMxFM1Uq7W+Wl26CRZBN2VGiroRiiK4rMU+oFOGTJppg0lmSDJiGeYb/Bq3+gV+gN/hTlyYabvowwsXDufcyz33+BGjStv2l5VbW89vbBa2its7u3v7pfJBW4WxxKSFQxbKro8UYVSQlqaakW4kCeI+Ix3/6TbTO89EKhqKRz2OSJ+joaABxUgbyiuduRzpEUYsuUu95rWrYu4l1KUCNlM4r1GvVLGr9qTgKnBmoAJm1fDKVtEdhDjmRGjMkFI9x450P0FSU8xIWnRjRSKEn9CQ9AwUiBPVTyY/pfDEMAMYhNK00HDCzm8kiCs15r6ZzFyqZS0j/9VepgcWuIHKjixyPl9yqIOrfkJFFGsi8NRgEDOoQ5gFCwdUEqzZ2ACEJTU/QjxCEmFt4i+a9JzlrFZB+7zqXFRrD7VK/WaWYwEcgWNwChxwCergHjRAC2DwCt7AO/iwPq1v68f6nY7mrNnOIVioXP4PMKSz0Q==</latexit>

ER =
X

i2R

Ei

Interesting measurements of energy flow 
can be made on a restricted set of hadronic 
states, R, for example, charged hadrons 
(tracks).

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>

Well-defined detectors provide sharp link with underlying field theory through observables!

Caron-Huot, Kologlu, Kravchuk, Meltzer, Simmons-Duffin`22

KL, Moult `23

<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
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Kyle Lee

GENERALIZING ENERGY FLOW CORRELATIONS

Writing down more general detectors allow us to consider more general correlation functions from 

<latexit sha1_base64="fKrFKOVmArBDB3630mMeIji9FNg="></latexit>

hE (n1) E (n2) · · · E (nk)i ! hER1 (n1) ER2 (n2) · · · ERk (nk)i

<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

In general, restricting to a set of hadronic states to some particular quantum number R introduces 
sensitivity to the IR scale. As a concrete example, one can ask “is there more unlike-signed 
correlations compared with the like-signed correlations?” <latexit sha1_base64="6k8sjcYhcvlJKRHqVzVqqtyqr/I="></latexit>

hE+E�i hE+E+i+ hE�E�i
<latexit sha1_base64="6k8sjcYhcvlJKRHqVzVqqtyqr/I="></latexit>

hE+E�i hE+E+i+ hE�E�iori.e.

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>

25/32

<latexit sha1_base64="9iDtlBM3UPQTZRDZqvZiL8TQZ8c=">AAACI3icbVDLSgMxFE181vpqdekmWARBKDNS1GXRjcuK9gHtUDKZTBuaZIYkIy1DP8GtfoFf407cuPBfzLSzsK0HAodz7uWeHD/mTBvH+YZr6xubW9uFneLu3v7BYal81NJRoghtkohHquNjTTmTtGmY4bQTK4qFz2nbH91lfvuZKs0i+WQmMfUEHkgWMoKNlR7H/Yt+qeJUnRnQKnFzUgE5Gv0yLPaCiCSCSkM41rrrOrHxUqwMI5xOi71E0xiTER7QrqUSC6q9dJZ1is6sEqAwUvZJg2bq340UC60nwreTApuhXvYy8V9vPD+woAU6O7Ko+WIpoQlvvJTJODFUknnAMOHIRCgrDAVMUWL4xBJMFLN/RGSIFSbG1lq07bnLXa2S1mXVvarWHmqV+m3eYwGcgFNwDlxwDergHjRAExAwAC/gFbzBd/gBP+HXfHQN5jvHYAHw5xcpyqRT</latexit>x+
<latexit sha1_base64="ZfZ5WtPJHwa9mowFS4Dpt5qgX/M=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEQpWgChgrWBiLoA+pjSrHcVqrjhPZDiKK+gms8AV8DRtiYeBfcNoMtOVIlo7OuVf3+HgxZ0rb9jcsra1vbG6Vt62d3b39g0r1sKOiRBLaJhGPZM/DinImaFszzWkvlhSHHqddb3Kb+90nKhWLxKNOY+qGeCRYwAjWRnpIh+fDSs2u2zOgVeIUpAYKtIZVaA38iCQhFZpwrFTfsWPtZlhqRjidWoNE0RiTCR7RvqECh1S52SzrFJ0axUdBJM0TGs3UvxsZDpVKQ89MhliP1bKXi/96z/MDC5qv8iOLmhcuJdTBtZsxESeaCjIPGCQc6QjlhSGfSUo0Tw3BRDLzR0TGWGKiTa2Wac9Z7mqVdC7qzmW9cd+oNW+KHsvgGJyAM+CAK9AEd6AF2oCAEXgBr+ANvsMP+Am/5qMlWOwcgQXAn18vA6RW</latexit>y�

<latexit sha1_base64="9iDtlBM3UPQTZRDZqvZiL8TQZ8c=">AAACI3icbVDLSgMxFE181vpqdekmWARBKDNS1GXRjcuK9gHtUDKZTBuaZIYkIy1DP8GtfoFf407cuPBfzLSzsK0HAodz7uWeHD/mTBvH+YZr6xubW9uFneLu3v7BYal81NJRoghtkohHquNjTTmTtGmY4bQTK4qFz2nbH91lfvuZKs0i+WQmMfUEHkgWMoKNlR7H/Yt+qeJUnRnQKnFzUgE5Gv0yLPaCiCSCSkM41rrrOrHxUqwMI5xOi71E0xiTER7QrqUSC6q9dJZ1is6sEqAwUvZJg2bq340UC60nwreTApuhXvYy8V9vPD+woAU6O7Ko+WIpoQlvvJTJODFUknnAMOHIRCgrDAVMUWL4xBJMFLN/RGSIFSbG1lq07bnLXa2S1mXVvarWHmqV+m3eYwGcgFNwDlxwDergHjRAExAwAC/gFbzBd/gBP+HXfHQN5jvHYAHw5xcpyqRT</latexit>x+
<latexit sha1_base64="ZfZ5WtPJHwa9mowFS4Dpt5qgX/M=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEQpWgChgrWBiLoA+pjSrHcVqrjhPZDiKK+gms8AV8DRtiYeBfcNoMtOVIlo7OuVf3+HgxZ0rb9jcsra1vbG6Vt62d3b39g0r1sKOiRBLaJhGPZM/DinImaFszzWkvlhSHHqddb3Kb+90nKhWLxKNOY+qGeCRYwAjWRnpIh+fDSs2u2zOgVeIUpAYKtIZVaA38iCQhFZpwrFTfsWPtZlhqRjidWoNE0RiTCR7RvqECh1S52SzrFJ0axUdBJM0TGs3UvxsZDpVKQ89MhliP1bKXi/96z/MDC5qv8iOLmhcuJdTBtZsxESeaCjIPGCQc6QjlhSGfSUo0Tw3BRDLzR0TGWGKiTa2Wac9Z7mqVdC7qzmW9cd+oNW+KHsvgGJyAM+CAK9AEd6AF2oCAEXgBr+ANvsMP+Am/5qMlWOwcgQXAn18vA6RW</latexit>y�

<latexit sha1_base64="9iDtlBM3UPQTZRDZqvZiL8TQZ8c=">AAACI3icbVDLSgMxFE181vpqdekmWARBKDNS1GXRjcuK9gHtUDKZTBuaZIYkIy1DP8GtfoFf407cuPBfzLSzsK0HAodz7uWeHD/mTBvH+YZr6xubW9uFneLu3v7BYal81NJRoghtkohHquNjTTmTtGmY4bQTK4qFz2nbH91lfvuZKs0i+WQmMfUEHkgWMoKNlR7H/Yt+qeJUnRnQKnFzUgE5Gv0yLPaCiCSCSkM41rrrOrHxUqwMI5xOi71E0xiTER7QrqUSC6q9dJZ1is6sEqAwUvZJg2bq340UC60nwreTApuhXvYy8V9vPD+woAU6O7Ko+WIpoQlvvJTJODFUknnAMOHIRCgrDAVMUWL4xBJMFLN/RGSIFSbG1lq07bnLXa2S1mXVvarWHmqV+m3eYwGcgFNwDlxwDergHjRAExAwAC/gFbzBd/gBP+HXfHQN5jvHYAHw5xcpyqRT</latexit>x+
<latexit sha1_base64="ZfZ5WtPJHwa9mowFS4Dpt5qgX/M=">AAACI3icbVC7TsMwFLXLq4RXCyOLRYXEQpWgChgrWBiLoA+pjSrHcVqrjhPZDiKK+gms8AV8DRtiYeBfcNoMtOVIlo7OuVf3+HgxZ0rb9jcsra1vbG6Vt62d3b39g0r1sKOiRBLaJhGPZM/DinImaFszzWkvlhSHHqddb3Kb+90nKhWLxKNOY+qGeCRYwAjWRnpIh+fDSs2u2zOgVeIUpAYKtIZVaA38iCQhFZpwrFTfsWPtZlhqRjidWoNE0RiTCR7RvqECh1S52SzrFJ0axUdBJM0TGs3UvxsZDpVKQ89MhliP1bKXi/96z/MDC5qv8iOLmhcuJdTBtZsxESeaCjIPGCQc6QjlhSGfSUo0Tw3BRDLzR0TGWGKiTa2Wac9Z7mqVdC7qzmW9cd+oNW+KHsvgGJyAM+CAK9AEd6AF2oCAEXgBr+ANvsMP+Am/5qMlWOwcgQXAn18vA6RW</latexit>y�

<latexit sha1_base64="sO3AK6G0iTERkX40/aJoylRx2SU="></latexit>

Joint Track Functions at 400 GeV



Kyle Lee

TWO-POINT CHARGED CORRELATORS

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

hE+E+i+ hE�E�i
hEtrEtri

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

hE+E�i
hEtrEtri
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0
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<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
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<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
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0
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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
Charged correlators have modified scaling in the 
perturbative region and unlike signed correlators 
are correlated more as the angle becomes smaller!

We also observe that unlike signed correlators have narrower transition and the peak is also shifted!

<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="iyss/XZ2dKw3mviJ6KdvwXSnJ7k=">AAACJXicbVDLSgMxFE181vpqdekmWARXZaYUdVl047KC0xbaoWQymTY0yQxJRixDv8GtfoFf404EV/6KmXYWtvVCyOGce7nnniDhTBvH+YYbm1vbO7ulvfL+weHRcaV60tFxqgj1SMxj1QuwppxJ6hlmOO0limIRcNoNJne53n2iSrNYPpppQn2BR5JFjGBjKc+pOw1nWKnZf15oHbgFqIGi2sMqLA/CmKSCSkM41rrvOonxM6wMI5zOyoNU0wSTCR7RvoUSC6r9bO52hi4sE6IoVvZJg+bs34kMC62nIrCdApuxXtVy8l/tebFgiQt1vmSZC8SKQxPd+BmTSWqoJAuDUcqRiVEeGQqZosTwqQWYKGZvRGSMFSbGBlu26bmrWa2DTqPuXtWbD81a67bIsQTOwDm4BC64Bi1wD9rAAwQw8AJewRt8hx/wE34tWjdgMXMKlgr+/AJVUaRV</latexit>

0.020
<latexit sha1_base64="hH3s/FmoG+If7BPoIsd5laEQmVM=">AAACJXicbVDLSgMxFE3qq46vVpdugkVwVWa0qMuiG5cVnLbQDiWTybShSWZIMmIp/Qa3+gV+jTsRXPkrZtpZ2OqFkMM593LPPWHKmTau+wVLa+sbm1vlbWdnd2//oFI9bOskU4T6JOGJ6oZYU84k9Q0znHZTRbEIOe2E49tc7zxSpVkiH8wkpYHAQ8liRrCxlO/W3Qt3UKnZf17oL/AKUANFtQZV6PSjhGSCSkM41rrnuakJplgZRjidOf1M0xSTMR7SnoUSC6qD6dztDJ1aJkJxouyTBs3Z3xNTLLSeiNB2CmxGelXLyX+1p8WCJS7S+ZJlLhQrDk18HUyZTDNDJVkYjDOOTILyyFDEFCWGTyzARDF7IyIjrDAxNljHpuetZvUXtM/r3mW9cd+oNW+KHMvgGJyAM+CBK9AEd6AFfEAAA8/gBbzCN/gOP+DnorUEi5kjsFTw+wdXD6RW</latexit>

0.030
<latexit sha1_base64="jNinx9h032/mG4NxSDRg4gX5N9E=">AAACJXicbVDLSgMxFE3qq9ZXq0s3wSK4KjNS1GXRjcsKTltoh5LJZNrQJDMkGbEM/Qa3+gV+jTsRXPkrZtpZ2NYLIYdz7uWee4KEM20c5xuWNja3tnfKu5W9/YPDo2rtuKPjVBHqkZjHqhdgTTmT1DPMcNpLFMUi4LQbTO5yvftElWaxfDTThPoCjySLGMHGUp7TcJrOsFq3/7zQOnALUAdFtYc1WBmEMUkFlYZwrHXfdRLjZ1gZRjidVQappgkmEzyifQslFlT72dztDJ1bJkRRrOyTBs3ZvxMZFlpPRWA7BTZjvarl5L/a82LBEhfqfMkyF4gVhya68TMmk9RQSRYGo5QjE6M8MhQyRYnhUwswUczeiMgYK0yMDbZi03NXs1oHncuGe9VoPjTrrdsixzI4BWfgArjgGrTAPWgDDxDAwAt4BW/wHX7AT/i1aC3BYuYELBX8+QVYzaRX</latexit>

0.0400.005 0.010 0.050 0.100
0.4

0.5

0.6

0.7

0.8

0.9

1.0

1.1

<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="4Ow+sCVfz4iPMTxf2K6zg0igXAk=">AAACM3icbVDLSgMxFM3UV62vVpdugkVwVWakqMuiC8VVBfuAtpRMetuGZjJDckdbhn6KW/0CP0bciVv/wfSxsK0HAodz7uWeHD+SwqDrfjiptfWNza30dmZnd2//IJs7rJow1hwqPJShrvvMgBQKKihQQj3SwAJfQs0f3Ez82hNoI0L1iKMIWgHrKdEVnKGV2tlcE2GIya2MQ0XvAc24nc27BXcKukq8OcmTOcrtnJNpdkIeB6CQS2ZMw3MjbCVMo+ASxplmbCBifMB60LBUsQBMK5lmH9NTq3RoN9T2KaRT9e9GwgJjRoFvJwOGfbPsTcR/veHswILWMZMji5ofLCXE7lUrESqKERSfBezGkmJIJwXSjtDAUY4sYVwL+0fK+0wzjrbmjG3PW+5qlVTPC95FofhQzJeu5z2myTE5IWfEI5ekRO5ImVQIJ8/khbySN+fd+XS+nO/ZaMqZ7xyRBTg/vwWyquI=</latexit>

Gluon Jets
<latexit sha1_base64="/hYKefP+54Q45qvciFYIr3vj1ZE=">AAACNHicbVDJSgNBFOyJW4xbEo9eGoPgKcyIqBch6EGPEbJBEkJPz5ukSc9C9xtJGPIrXvUL/BfBm3j1G+wsB5NY0FBUvcerLjeWQqNtf1iZjc2t7Z3sbm5v/+DwKF8oNnSUKA51HslItVymQYoQ6ihQQitWwAJXQtMd3k/95jMoLaKwhuMYugHrh8IXnKGRevli3KvdOrbdQRhhSh+gMenlS3bZnoGuE2dBSmSBaq9g5TpexJMAQuSSad127Bi7KVMouIRJrpNoiBkfsj60DQ1ZALqbzsJP6JlRPOpHyrwQ6Uz9u5GyQOtx4JrJgOFAr3pT8V9vND+wpHl6emRZc4OVhOjfdFMRxglCyOcB/URSjOi0QeoJBRzl2BDGlTB/pHzAFONoes6Z9pzVrtZJ46LsXJUvny5LlbtFj1lyQk7JOXHINamQR1IldcLJiLyQV/JmvVuf1pf1PR/NWIudY7IE6+cXAgqqRA==</latexit>

pT = 100 GeV

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

Two-Point Charged Correlators

KL, Moult `23

<latexit sha1_base64="7KF+SImJWs9lCFF7bgzkxCeSpsA=">AAACWHicbZHbSgMxEIan66EHT2299CZYBK/Krkj1siiClxXsAbqlZNO0DU2yS5IVy9I38Wm81RfQpzHb7oU9DAR+vplhZv4EEWfauO5PztnbPzjMF4qlo+OT07NypdrRYawIbZOQh6oXYE05k7RtmOG0FymKRcBpN5g9pvnuG1WahfLVzCM6EHgi2ZgRbCwalhs+x3LCqS+wmRLMk6fFMPGVQEYtdjK1LB+Wa27dXQbaFl4mapBFa1jJlfxRSGJBpSEca9333MgMEqwMI5wuSn6saYTJDE9o30qJBdWDZHngAl1ZMkLjUNknDVrS/x0JFlrPRWAr0531Zi6FO3PvqwFrbKTTIessEBsbmvH9IGEyig2VZLXgOObIhCh1GY2YosTwuRWYKGZvRGSKFSbG/kXJuudterUtOjd1r1G/fbmtNR8yHwtwAZdwDR7cQROeoQVtIPABn/AF37lfB5y8U1yVOrms5xzWwqn+AfbVtz4=</latexit>

hEtrEtri

ALICE `23

26/32



Kyle Lee

C-ODD DETECTOR
<latexit sha1_base64="AZOMCocQ12e8W6xA0JX+RJL7aqc="></latexit>

EQ (~n1) |ki = EkQk�
⇣
n̂1 � k̂

⌘
|kiWe can define also operator odd under charge conjugation.
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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

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

hE+E�i
hEtrEtri

<latexit sha1_base64="qUvXZ0qPowz0inf+HbRqZCzId1Q=">AAACS3icbVDLSgMxFM1Uq7W+Wl26CRZBN2VGirosiuCyBfuAdhgymbQNTTJDkhHL0G/wa9zqF/gBfoc7cWFm2oXTeiFwcs653HuPHzGqtG1/WoWNzeLWdmmnvLu3f3BYqR51VRhLTDo4ZKHs+0gRRgXpaKoZ6UeSIO4z0vOnd6neeyJS0VA86llEXI7Ggo4oRtpQXuViyJAYMwKHHOkJRiy5n3vt/EdmDq9Ss+t2VnAdOEtQA8tqeVWrPAxCHHMiNGZIqYFjR9pNkNQUMzIvD2NFIoSnaEwGBgrEiXKT7KY5PDNMAEehNE9omLF/OxLElZpx3zjTZdWqlpL/as+LATkuUOmQPOfzlQ316MZNqIhiTQReLDiKGdQhTIOFAZUEazYzAGFJzY0QT5BEWJv4yyY9ZzWrddC9rDtX9Ua7UWveLnMsgRNwCs6BA65BEzyAFugADF7AK3gD79aH9WV9Wz8La8Fa9hyDXBWKv5IPtAk=</latexit>

hEQEQi
<latexit sha1_base64="ZLAIg4C9xmRecjgVKNap/UqeIpU=">AAACI3icbVDLSgMxFE181vHV6tJNsAgiWGakqMuiG5cV7QPaoWQymTY0yQxJRiyln+BWv8CvcSduXPgvZtpZ2NYDgcM593JPTpBwpo3rfsOV1bX1jc3ClrO9s7u3XywdNHWcKkIbJOaxagdYU84kbRhmOG0nimIRcNoKhreZ33qiSrNYPppRQn2B+5JFjGBjpYdz76xXLLsVdwq0TLyclEGOeq8EnW4Yk1RQaQjHWnc8NzH+GCvDCKcTp5tqmmAyxH3asVRiQbU/nmadoBOrhCiKlX3SoKn6d2OMhdYjEdhJgc1AL3qZ+K/3PDswp4U6OzKvBWIhoYmu/TGTSWqoJLOAUcqRiVFWGAqZosTwkSWYKGb/iMgAK0yMrdWx7XmLXS2T5kXFu6xU76vl2k3eYwEcgWNwCjxwBWrgDtRBAxDQBy/gFbzBd/gBP+HXbHQF5juHYA7w5xdU5aPZ</latexit>�1⇤

<latexit sha1_base64="5C/iP7bL0QeOdD+V/7TxAR1I0eY=">AAACNnicbVDLTgJBEJz1ifgC9eZlIzHxItk1RD0S9WA8YSKPBAiZHRqYMDu7melVcMO/eNUv8Fe8eDNe/QQH2IOAlUxSqepO15QXCq7RcT6speWV1bX11EZ6c2t7ZzeT3avoIFIMyiwQgap5VIPgEsrIUUAtVEB9T0DV61+P/eojKM0D+YDDEJo+7Ure4YyikVqZgwbCAOOb4Emejn37DnDUyuScvDOBvUjchORIglIra6Ub7YBFPkhkgmpdd50QmzFVyJmAUboRaQgp69Mu1A2V1AfdjCfxR/axUdp2J1DmSbQn6t+NmPpaD33PTPoUe3reG4v/eoPpgRmtrcdHZjXPn0uInctmzGUYIUg2DdiJhI2BPemozRUwFENDKFPc/NFmPaooQ9N02rTnzne1SCpnefc8X7gv5IpXSY8pckiOyAlxyQUpkltSImXCyDN5Ia/kzXq3Pq0v63s6umQlO/tkBtbPL2JyrA8=</latexit>

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

Two-Point Charged Correlators

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

✓

There is a large cancellation between like-sign and 
unlike-sign correlations, modifying the scaling by 
an integer amount.
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<latexit sha1_base64="hWNtdfmRf+7BtaK/tCf6Elnz+kQ="></latexit>

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

Up-type Jet
<latexit sha1_base64="5C/iP7bL0QeOdD+V/7TxAR1I0eY=">AAACNnicbVDLTgJBEJz1ifgC9eZlIzHxItk1RD0S9WA8YSKPBAiZHRqYMDu7melVcMO/eNUv8Fe8eDNe/QQH2IOAlUxSqepO15QXCq7RcT6speWV1bX11EZ6c2t7ZzeT3avoIFIMyiwQgap5VIPgEsrIUUAtVEB9T0DV61+P/eojKM0D+YDDEJo+7Ure4YyikVqZgwbCAOOb4Emejn37DnDUyuScvDOBvUjchORIglIra6Ub7YBFPkhkgmpdd50QmzFVyJmAUboRaQgp69Mu1A2V1AfdjCfxR/axUdp2J1DmSbQn6t+NmPpaD33PTPoUe3reG4v/eoPpgRmtrcdHZjXPn0uInctmzGUYIUg2DdiJhI2BPemozRUwFENDKFPc/NFmPaooQ9N02rTnzne1SCpnefc8X7gv5IpXSY8pckiOyAlxyQUpkltSImXCyDN5Ia/kzXq3Pq0v63s6umQlO/tkBtbPL2JyrA8=</latexit>

Down-type Jet
<latexit sha1_base64="4Ow+sCVfz4iPMTxf2K6zg0igXAk=">AAACM3icbVDLSgMxFM3UV62vVpdugkVwVWakqMuiC8VVBfuAtpRMetuGZjJDckdbhn6KW/0CP0bciVv/wfSxsK0HAodz7uWeHD+SwqDrfjiptfWNza30dmZnd2//IJs7rJow1hwqPJShrvvMgBQKKihQQj3SwAJfQs0f3Ez82hNoI0L1iKMIWgHrKdEVnKGV2tlcE2GIya2MQ0XvAc24nc27BXcKukq8OcmTOcrtnJNpdkIeB6CQS2ZMw3MjbCVMo+ASxplmbCBifMB60LBUsQBMK5lmH9NTq3RoN9T2KaRT9e9GwgJjRoFvJwOGfbPsTcR/veHswILWMZMji5ofLCXE7lUrESqKERSfBezGkmJIJwXSjtDAUY4sYVwL+0fK+0wzjrbmjG3PW+5qlVTPC95FofhQzJeu5z2myTE5IWfEI5ekRO5ImVQIJ8/khbySN+fd+XS+nO/ZaMqZ7xyRBTg/vwWyquI=</latexit>

Gluon Jets

<latexit sha1_base64="I+zPhUukU28FoADlWdIOHw3zSFY="></latexit>

hEQEQEQi
hEtrEtrEtri

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

✓

Due to C-odd nature, we observe that 3-pt correlators of 
EQ gives zero for gluon, while approximately opposite 
results between up and down-type due to approximate 
isospin symmetry. Furthermore, we observe nontrivial 
abrupt changes in structure in the transition region

KL, Moult `23
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Much progress is being made on all fronts  
of parton shower developments!

Hadronization models

NLL improvements

Höche, Prestel  `17

Assi, Höche `23

Triple collinear splitting

Massive splitting

Jet substructure observables can be used to 
provide sensitivity to different perturbative and 
non-perturbative effects.

ASIDE: INTERPLAY WITH PARTON SHOWERS DEVELOPMENT

van Beekveld, Ravasio, Hamilton,  
Salam, Soto-Ontoso, Soyez, Verheyen `23

Theory MonteCarlo

Experiment

Almost every analysis of high-energy collider data 
relies on simulations with MC generators.

Charged EECs
<latexit sha1_base64="87clzBE69g95RJ7UT7ZhmfuK48g=">AAACMXicbVDLTgIxFG3xheMD0KWbRmLiiswYoy6Jbly4wEQeCUxIp9OBhs4j7R2VEL7ErX6BX8POuPUn7MAsBDxJk5Nz7s09PV4ihQbbnuHCxubW9k5x19rbPzgslStHLR2nivEmi2WsOh7VXIqIN0GA5J1EcRp6kre90V3mt5+50iKOnmCccDekg0gEglEwUr9c6j3wAJQYDIEqFb/0y1W7Zs9B1omTkyrK0ehXsNXzY5aGPAImqdZdx07AnVAFgkk+tXqp5gllIzrgXUMjGnLtTubJp+TMKD4JYmVeBGSu/t2Y0FDrceiZyZDCUK96mfiv97o4sKT5OjuyrHnhSkIIbtyJiJIUeMQWAYNUEohJVh/xheIM5NgQypQwfyRsSBVlYEq2THvOalfrpHVRc65ql4+X1fpt3mMRnaBTdI4cdI3q6B41UBMxlKI39I4+8Cee4S/8vRgt4HznGC0B//wCkEiqKg==</latexit>,

EEC anomalous scaling
<latexit sha1_base64="87clzBE69g95RJ7UT7ZhmfuK48g=">AAACMXicbVDLTgIxFG3xheMD0KWbRmLiiswYoy6Jbly4wEQeCUxIp9OBhs4j7R2VEL7ErX6BX8POuPUn7MAsBDxJk5Nz7s09PV4ihQbbnuHCxubW9k5x19rbPzgslStHLR2nivEmi2WsOh7VXIqIN0GA5J1EcRp6kre90V3mt5+50iKOnmCccDekg0gEglEwUr9c6j3wAJQYDIEqFb/0y1W7Zs9B1omTkyrK0ehXsNXzY5aGPAImqdZdx07AnVAFgkk+tXqp5gllIzrgXUMjGnLtTubJp+TMKD4JYmVeBGSu/t2Y0FDrceiZyZDCUK96mfiv97o4sKT5OjuyrHnhSkIIbtyJiJIUeMQWAYNUEohJVh/xheIM5NgQypQwfyRsSBVlYEq2THvOalfrpHVRc65ql4+X1fpt3mMRnaBTdI4cdI3q6B41UBMxlKI39I4+8Cee4S/8vRgt4HznGC0B//wCkEiqKg==</latexit>,

3-point EEC
<latexit sha1_base64="87clzBE69g95RJ7UT7ZhmfuK48g=">AAACMXicbVDLTgIxFG3xheMD0KWbRmLiiswYoy6Jbly4wEQeCUxIp9OBhs4j7R2VEL7ErX6BX8POuPUn7MAsBDxJk5Nz7s09PV4ihQbbnuHCxubW9k5x19rbPzgslStHLR2nivEmi2WsOh7VXIqIN0GA5J1EcRp6kre90V3mt5+50iKOnmCccDekg0gEglEwUr9c6j3wAJQYDIEqFb/0y1W7Zs9B1omTkyrK0ehXsNXzY5aGPAImqdZdx07AnVAFgkk+tXqp5gllIzrgXUMjGnLtTubJp+TMKD4JYmVeBGSu/t2Y0FDrceiZyZDCUK96mfiv97o4sKT5OjuyrHnhSkIIbtyJiJIUeMQWAYNUEohJVh/xheIM5NgQypQwfyRsSBVlYEq2THvOalfrpHVRc65ql4+X1fpt3mMRnaBTdI4cdI3q6B41UBMxlKI39I4+8Cee4S/8vRgt4HznGC0B//wCkEiqKg==</latexit>,

Beautiful and charming 
EEC

<latexit sha1_base64="87clzBE69g95RJ7UT7ZhmfuK48g=">AAACMXicbVDLTgIxFG3xheMD0KWbRmLiiswYoy6Jbly4wEQeCUxIp9OBhs4j7R2VEL7ErX6BX8POuPUn7MAsBDxJk5Nz7s09PV4ihQbbnuHCxubW9k5x19rbPzgslStHLR2nivEmi2WsOh7VXIqIN0GA5J1EcRp6kre90V3mt5+50iKOnmCccDekg0gEglEwUr9c6j3wAJQYDIEqFb/0y1W7Zs9B1omTkyrK0ehXsNXzY5aGPAImqdZdx07AnVAFgkk+tXqp5gllIzrgXUMjGnLtTubJp+TMKD4JYmVeBGSu/t2Y0FDrceiZyZDCUK96mfiv97o4sKT5OjuyrHnhSkIIbtyJiJIUeMQWAYNUEohJVh/xheIM5NgQypQwfyRsSBVlYEq2THvOalfrpHVRc65ql4+X1fpt3mMRnaBTdI4cdI3q6B41UBMxlKI39I4+8Cee4S/8vRgt4HznGC0B//wCkEiqKg==</latexit>,
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SPIN PHYSICS WITH JET SUBSTRUCTURE
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SPINNING GLUON IN ENERGY CORRELATORS

Chen, Moult, Zhu `20

Higher point correlators give arise to                    asymmetry in the squeezed limit of a pair of detector.
<latexit sha1_base64="WGqgo292P4RWDYwcLFm8hc5RNqE=">AAACK3icbVDLSgMxFE181vHV6tJNsAh1U2ZKUZdFNy4r2Ad0hpLJZNrQzGRIMmIZ+hlu9Qv8GleKW//DTDsL23ogcDjnXu7J8RPOlLbtT7ixubW9s1vas/YPDo+Oy5WTrhKpJLRDBBey72NFOYtpRzPNaT+RFEc+pz1/cpf7vScqFRPxo54m1IvwKGYhI1gbaeASoWoNNxmzy2G5atftOdA6cQpSBQXawwq03ECQNKKxJhwrNXDsRHsZlpoRTmeWmyqaYDLBIzowNMYRVV42zzxDF0YJUCikebFGc/XvRoYjpaaRbyYjrMdq1cvFf73nxYElLVD5kWXNj1YS6vDGy1icpJrGZBEwTDnSAuXFoYBJSjSfGoKJZOaPiIyxxESbei3TnrPa1TrpNurOVb350Ky2boseS+AMnIMacMA1aIF70AYdQIAAL+AVvMF3+AG/4PdidAMWO6dgCfDnFyurp2I=</latexit>

cos(2�)

This azimuthal asymmetry describes the interference between gluon helicity states
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AZIMUTHAL ANGLE ASYMMETRY AT THE FUTURE EIC

Kang, KL, Shao, Zhao `23
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GOAL  

WHAT IS THE FATE OF OUR UNIVERSE?

Top-quark physics Higgs physics

170 GeV - O(TeV) 125 GeV - 500 GeV
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METASTABILITY OR STABILITY OF OUR UNIVERSE

Andreassen, Frost, Schwartz `14

Will our universe undergo eternal inflation, or will it undergo some catastrophic big crunch? 
Can the jet substructure come to the rescue in answering this question?

31



Kyle Lee    /32

ENERGY ENERGY CORRELATORS ON TOP JET
Large samples of highly boosted top quarks produced at 
the LHC! 

Recent development show that three-point energy 
correlators are sensitive to the top mass and show 
robustness to underlying events! 

Small hadronization effects, which enter additively

Holguin, Moult, Pathak, Procura `22

32

<latexit sha1_base64="2w9w6Kk1k88FXzFMuGsWXrRpqAw="></latexit>

⇣ ⇡ 3m2
t/p

2
T,jet

Precise understanding of the non-perturbative  
corrections to the hard scale is required
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SUMMARY
32

Jet substructure is at the heart of the collider program and provides us the effective means to 
study many different aspects of high energy QCD and nuclear physics. 

Energy flux operator sharpens the connection between jet substructure study and underlying 
field theory 

Intrinsic scales of QCD can be identified using energy correlators:  
medium, heavy quark, cold nuclear matter, confinement region 

Different quantum numbers through confinement transition region can be tracked using energy 
correlators 

Spin dynamics can be probed using energy correlators at the future EIC

Primordial fluctuations

W
hat cosmic history gave rise to primordial fluctuations?

t
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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>
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<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


