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The Chew-Fraustri plot in high energy QCD

<latexit sha1_base64="qUSoTJwpZfqJcAZdsvAnmdvXL2E=">AAAB6HicbVDLSgNBEOyNrxhfUY9eBoPgKeyKRI8BL8FTAuYByRJmJ51kzOzsMjMrhCVf4MWDIl79JG/+jZNkD5pY0FBUddPdFcSCa+O6305uY3Nreye/W9jbPzg8Kh6ftHSUKIZNFolIdQKqUXCJTcONwE6skIaBwHYwuZv77SdUmkfywUxj9EM6knzIGTVWatz3iyW37C5A1omXkRJkqPeLX71BxJIQpWGCat313Nj4KVWGM4GzQi/RGFM2oSPsWippiNpPF4fOyIVVBmQYKVvSkIX6eyKlodbTMLCdITVjverNxf+8bmKGt37KZZwYlGy5aJgIYiIy/5oMuEJmxNQSyhS3txI2pooyY7Mp2BC81ZfXSeuq7FXKlcZ1qVrL4sjDGZzDJXhwA1WoQR2awADhGV7hzXl0Xpx352PZmnOymVP4A+fzB6XhjN8=</latexit>

J

<latexit sha1_base64="G34FWleFqJdf0NECzXMZirzeCE0=">AAAB8XicbVDLSgNBEOz1GeMr6tHLYBC8GHaDRI8BPeQYwTwwWcLspDcZMju7zMwKIeQvvHhQxKt/482/cZLsQRMLGoqqbrq7gkRwbVz321lb39jc2s7t5Hf39g8OC0fHTR2nimGDxSJW7YBqFFxiw3AjsJ0opFEgsBWMbmd+6wmV5rF8MOME/YgOJA85o8ZKj907FIaSS1LuFYpuyZ2DrBIvI0XIUO8Vvrr9mKURSsME1brjuYnxJ1QZzgRO891UY0LZiA6wY6mkEWp/Mr94Ss6t0idhrGxJQ+bq74kJjbQeR4HtjKgZ6mVvJv7ndVIT3vgTLpPUoGSLRWEqiInJ7H3S5wqZEWNLKFPc3krYkCrKjA0pb0Pwll9eJc1yyauUKvdXxWotiyMHp3AGF+DBNVShBnVoAAMJz/AKb452Xpx352PRuuZkMyfwB87nD/Stj9Q=</latexit>
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<latexit sha1_base64="KcZzL59zpDw8e5z8Xbnw1VlYeCA="></latexit>

O
µ1...µJ
g = S

⇥
Tr(Gµ1↵Dµ2 . . . DµJ�1GµJ

↵)
⇤
� traces

twist-2 spin-J local operator
Gross, Wilczek, 1974

Gribov, Lipatov; Lipatov; Altarelli, Parisi; Dokshitzer; 
1972-1977

Curci, Furmanski, Petronzio,1980 
Moch, Vermaseren, and Vogt, 2004

4-loop frontier: 
finite # of moment: Moch, Ruijl, Ueda, Vermaseren, 
Vogt, 2018

Full non-singlet: Gehrmann, von Manteuffel, Sotnikov, 
T.Z. Yang, 20261
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DGLAP

BFKL

Jaroszewicz, 1982

<latexit sha1_base64="TBWtnke9j6ZOAtoj3w9/jG1oG1Y="></latexit>

�LLx
GG (J,↵s) = �2

�

J � 1
� 4⇣(3)

�4

(J � 1)4
� 4⇣(5)

�6

(J � 1)6
+ · · ·

Balitsky, Braun, 1989
connecting operator into lines
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Detector operators
Measurement of energy/charge flow
Sterman, 1975

Sveshnikov, Tkachov, 1995

Hofman, Maldacena, 2008

Kravchuk, Simmons-Duffin, 2018

Caron-Huot, Kologlu, Kravchuk, Meltzer, Simmons-Duffin, 2022

detector

energy operator: 
<latexit sha1_base64="wC9YcriOy/7qwxcdjBEtsG2X9qs="></latexit>

E(n) =
Z

E2dE

(2⇡)32E
Ea†h,Enah,En

charge operator: 

3

<latexit sha1_base64="xpd5SWslp5V1Ie1m/VrQtNFQ3DM="></latexit>

Q(n) =

Z
E2dE

(2⇡)32E
Qha

†
h,Enah,En

<latexit sha1_base64="HFftVppCcjgG/avUCb445aqJO2c=">AAACBHicbVDLSgMxFM34rPU16rKbYBEqSJkRqW6EgpsuK9gHdMaSSTNtaCYZkoxQhi7c+CtuXCji1o9w59+YaWehrQdCDufcy733BDGjSjvOt7Wyura+sVnYKm7v7O7t2weHbSUSiUkLCyZkN0CKMMpJS1PNSDeWBEUBI51gfJP5nQciFRX8Tk9i4kdoyGlIMdJG6tslfu9FCbyGFfcMeoFgAzWJzJfy6WnfLjtVZwa4TNyclEGOZt/+8gYCJxHhGjOkVM91Yu2nSGqKGZkWvUSRGOExGpKeoRxFRPnp7IgpPDHKAIZCmsc1nKm/O1IUqWw3UxkhPVKLXib+5/USHV75KeVxognH80FhwqAWMEsEDqgkWLOJIQhLanaFeIQkwtrkVjQhuIsnL5P2edWtVWu3F+V6I4+jAErgGFSACy5BHTRAE7QABo/gGbyCN+vJerHerY956YqV9xyBP7A+fwD8o5cY</latexit>

nµ = (1,n)

<latexit sha1_base64="WlyP78aYshog8jGExWQ3q1WYqEQ=">AAACBXicbVBNS8NAEN34WetX1KMeFotQLyURqR4LIvRYwX5AE8pku22XbjZhdyOU0IsX/4oXD4p49T9489+4TXPQ1gcDj/dmmJkXxJwp7Tjf1srq2vrGZmGruL2zu7dvHxy2VJRIQpsk4pHsBKAoZ4I2NdOcdmJJIQw4bQfjm5nffqBSsUjc60lM/RCGgg0YAW2knn3icRBDTnHqEeD4dloW5xh7MhN7dsmpOBnwMnFzUkI5Gj37y+tHJAmp0ISDUl3XibWfgtSMcDoteomiMZAxDGnXUAEhVX6afTHFZ0bp40EkTQmNM/X3RAqhUpMwMJ0h6JFa9Gbif1430YNrP2UiTjQVZL5okHCsIzyLBPeZpETziSFAJDO3YjICCUSb4IomBHfx5WXSuqi41Ur17rJUq+dxFNAxOkVl5KIrVEN11EBNRNAjekav6M16sl6sd+tj3rpi5TNH6A+szx/Ey5eA</latexit>

hE(n)i
<latexit sha1_base64="Jfx/NKHmN0jo4RaT0uarqDVqPFg=">AAACFXicbVDNS8MwHE3n15xfVY9egkPYQEY7ZHociLDjBPcBaylplm5haVqSVBhl/4QX/xUvHhTxKnjzvzHrepibDwIv770fye/5MaNSWdaPUdjY3NreKe6W9vYPDo/M45OujBKBSQdHLBJ9H0nCKCcdRRUj/VgQFPqM9PzJ7dzvPRIhacQf1DQmbohGnAYUI6Ulz7x0GOIjRmDqYMTg3azCPbsKl6/1KnREFvLMslWzMsB1YuekDHK0PfPbGUY4CQlXmCEpB7YVKzdFQlHMyKzkJJLECE/QiAw05Sgk0k2zrWbwQitDGERCH65gpi5PpCiUchr6OhkiNZar3lz8zxskKrhxU8rjRBGOFw8FCYMqgvOK4JAKghWbaoKwoPqvEI+RQFjpIku6BHt15XXSrdfsRq1xf1VutvI6iuAMnIMKsME1aIIWaIMOwOAJvIA38G48G6/Gh/G5iBaMfOYU/IHx9QtEYZ0J</latexit>

hE(n1)E(n2)i
<latexit sha1_base64="8I+951MBmIlGR80ioR55ZenNfNQ=">AAACJHicbVDLSsNAFJ34rPUVdelmsAjtpiRVquCmIEKXFewDmhAm00k7dDIJMxOhhH6MG3/FjQsfuHDjtzhNs6itFwbOOfce7tzjx4xKZVnfxtr6xubWdmGnuLu3f3BoHh13ZJQITNo4YpHo+UgSRjlpK6oY6cWCoNBnpOuPb2f97iMRkkb8QU1i4oZoyGlAMVJa8swbhyE+ZASmDkYM3k3L3LMrcJHWNF3kFxVHZB7PLFlVKyu4CuwclEBeLc/8cAYRTkLCFWZIyr5txcpNkVAUMzItOokkMcJjNCR9DTkKiXTT7MgpPNfKAAaR0I8rmKmLjhSFUk5CX0+GSI3kcm8m/tfrJyq4dlPK40QRjueLgoRBFcFZYnBABcGKTTRAWFD9V4hHSCCsdK5FHYK9fPIq6NSqdr1av78sNZp5HAVwCs5AGdjgCjRAE7RAG2DwBF7AG3g3no1X49P4mo+uGbnnBPwp4+cXLgeiGQ==</latexit>

hE(n1)E(n2)E(n3)i

see 2506.09119 for a review



Detector operator matching
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C.-H. Chang, H. Chen, Simmons-Duffin, HXZ, 2025


<latexit sha1_base64="+sGc1RPJVUEfMTAC543VfEXj9ko="></latexit>

NJL(n) =

Z
E2dE

(2⇡)32E
E�JL�2a†h,Enah,Enhadron detector

Penrose diagram

IR to UV matching
<latexit sha1_base64="drCFhrTbk8Bl19vRYKZ67LiT2es="></latexit>

NJL(z) '
X

k

Ck (JL, µ) [DJL,k]R (z;µ)

parton

detector

matching

coeff.

<latexit sha1_base64="v8Ey2IiGSyylDlKJjKrHxlhZL0s="></latexit>

DDGLAP
JL

(n) =
X

�

Z
E2dE

(2⇡)32E
E�JL�2a†�,Ena�,En

sum over parton 
flavor, spin…

<latexit sha1_base64="a3hIH3GLjW4JW/kHPumD28cHcxQ=">AAAB+3icbVDLSgNBEJyNrxhfazx6GQxCBA27ItFjQA9BcohgHpAsy+ykNxky+2BmVgxLfsWLB0W8+iPe/BsnyR40WtBQVHXT3eXFnEllWV9GbmV1bX0jv1nY2t7Z3TP3i20ZJYJCi0Y8El2PSOAshJZiikM3FkACj0PHG1/P/M4DCMmi8F5NYnACMgyZzyhRWnLNYhmf4f4NcEXcxim+dRsnrlmyKtYc+C+xM1JCGZqu+dkfRDQJIFSUEyl7thUrJyVCMcphWugnEmJCx2QIPU1DEoB00vntU3yslQH2I6ErVHiu/pxISSDlJPB0Z0DUSC57M/E/r5co/8pJWRgnCkK6WOQnHKsIz4LAAyaAKj7RhFDB9K2YjoggVOm4CjoEe/nlv6R9XrGrlerdRalWz+LIo0N0hMrIRpeohuqoiVqIokf0hF7QqzE1no03433RmjOymQP0C8bHN8aMkmA=</latexit>

(��L, JL)

scaling 
dimension spin

<latexit sha1_base64="7FRYciFsmFxuMkGWizLxiPxsNKc=">AAACGXicbVA9SwNBEN2LXzF+RS1tFoNgY7gTiZYBLVIEScB8QC4ee5tJsmRv79jdE8KRv2HjX7GxUMRSK/+Nm+QKTXww8Hhvhpl5fsSZ0rb9bWVWVtfWN7Kbua3tnd29/P5BU4WxpNCgIQ9l2ycKOBPQ0ExzaEcSSOBzaPmj66nfegCpWCju9DiCbkAGgvUZJdpIXt52OREDDtgNiB76fnI78arYlamoWIDr98kZdm+Aa+JVJ16+YBftGfAycVJSQClqXv7T7YU0DkBoyolSHceOdDchUjPKYZJzYwURoSMygI6hggSgusnsswk+MUoP90NpSmg8U39PJCRQahz4pnN6v1r0puJ/XifW/atuwkQUaxB0vqgfc6xDPI0J95gEqvnYEEIlM7diOiSSUG3CzJkQnMWXl0nzvOiUiqX6RaFcSePIoiN0jE6Rgy5RGVVQDTUQRY/oGb2iN+vJerHerY95a8ZKZw7RH1hfP4XOoAU=</latexit>

hNLi ⇠ Q��L



DGLAP trajectory
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At JL=-3 collapse to energy operator

A light-transform to local operator
<latexit sha1_base64="5XHP22sktgC0gSQ3fuU5HM98HgY=">AAACHXicbVDLSgMxFM3UV62vUZdugkVoQcuMlOpGKOiiFBcV7AM6w5BJ0zY0kxmSjFCG/ogbf8WNC0VcuBH/xrQdRKsHAueecy839/gRo1JZ1qeRWVpeWV3Lruc2Nre2d8zdvZYMY4FJE4csFB0fScIoJ01FFSOdSBAU+Iy0/dHl1G/fESFpyG/VOCJugAac9ilGSkueWS44V4QpdAzrReioEKa1dw0voA1PYF0738XcK3pm3ipZM8C/xE5JHqRoeOa70wtxHBCuMENSdm0rUm6ChKKYkUnOiSWJEB6hAelqylFApJvMrpvAI630YD8U+nEFZ+rPiQQFUo4DX3cGSA3lojcV//O6seqfuwnlUawIx/NF/ZhBncI0KtijgmDFxpogLKj+K8RDJBBWOtCcDsFePPkvaZ2W7EqpclPOV2tpHFlwAA5BAdjgDFRBDTRAE2BwDx7BM3gxHown49V4m7dmjHRmH/yC8fEFrvacuQ==</latexit>

(�, J) ! (�L = 1� J, JL = 1��)

<latexit sha1_base64="Rj2KHRL0UBKX5uJ20gZNUZn8gvg="></latexit>

E(n) = lim
r!1

r2
Z 1

0
dt T0n(t, rn)

<latexit sha1_base64="wvBY35lHppHeT0lP5ESebynR5Fk=">AAACBXicbVA9SwNBEJ3zM8avU0stFoMQm3AnEi0DWgSxiGA+IAnH3mYvWbK3d+zuCeFIY+NfsbFQxNb/YOe/cZNcoYkPBh7vzTAzz485U9pxvq2l5ZXVtfXcRn5za3tn197bb6gokYTWScQj2fKxopwJWtdMc9qKJcWhz2nTH15N/OYDlYpF4l6PYtoNcV+wgBGsjeTZRx2ORZ9TdO2lN97tGBXFKerImebZBafkTIEWiZuRAmSoefZXpxeRJKRCE46VartOrLsplpoRTsf5TqJojMkQ92nbUIFDqrrp9IsxOjFKDwWRNCU0mqq/J1IcKjUKfdMZYj1Q895E/M9rJzq47KZMxImmgswWBQlHOkKTSFCPSUo0HxmCiWTmVkQGWGKiTXB5E4I7//IiaZyV3HKpfHdeqFSzOHJwCMdQBBcuoAJVqEEdCDzCM7zCm/VkvVjv1sesdcnKZg7gD6zPH2zGl0c=</latexit>

hDJL(n)i ~
<latexit sha1_base64="nK1t/MLUV3vWxFXcDcDsNNKb81g="></latexit>X

i

E�JL�2
i �2(p̂i � n)

Power corrections in Λ / Q:
H. Chen, Monni, Z. Xu, HXZ, 2024

C.-H. Chang, H. Chen, Simmons-Duffin, HXZ, 2025

H. Chen, Y.B. Li, 2026

LP

NLP

NNLP

JL is a sliding parameter controlled by 
experimentalist

<latexit sha1_base64="v8Ey2IiGSyylDlKJjKrHxlhZL0s="></latexit>

DDGLAP
JL

(n) =
X

�

Z
E2dE

(2⇡)32E
E�JL�2a†�,Ena�,En



One-point energy correlator
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<latexit sha1_base64="v8Ey2IiGSyylDlKJjKrHxlhZL0s="></latexit>

DDGLAP
JL

(n) =
X

�

Z
E2dE

(2⇡)32E
E�JL�2a†�,Ena�,En

<latexit sha1_base64="drCFhrTbk8Bl19vRYKZ67LiT2es="></latexit>

NJL(z) '
X

k

Ck (JL, µ) [DJL,k]R (z;µ)

<latexit sha1_base64="7FRYciFsmFxuMkGWizLxiPxsNKc=">AAACGXicbVA9SwNBEN2LXzF+RS1tFoNgY7gTiZYBLVIEScB8QC4ee5tJsmRv79jdE8KRv2HjX7GxUMRSK/+Nm+QKTXww8Hhvhpl5fsSZ0rb9bWVWVtfWN7Kbua3tnd29/P5BU4WxpNCgIQ9l2ycKOBPQ0ExzaEcSSOBzaPmj66nfegCpWCju9DiCbkAGgvUZJdpIXt52OREDDtgNiB76fnI78arYlamoWIDr98kZdm+Aa+JVJ16+YBftGfAycVJSQClqXv7T7YU0DkBoyolSHceOdDchUjPKYZJzYwURoSMygI6hggSgusnsswk+MUoP90NpSmg8U39PJCRQahz4pnN6v1r0puJ/XifW/atuwkQUaxB0vqgfc6xDPI0J95gEqvnYEEIlM7diOiSSUG3CzJkQnMWXl0nzvOiUiqX6RaFcSePIoiN0jE6Rgy5RGVVQDTUQRY/oGb2iN+vJerHerY95a8ZKZw7RH1hfP4XOoAU=</latexit>

hNLi ⇠ Q��L (ignoring running coup.)

tree level:

To obtain the anomalous dimension, 
compute vacuum matrix element:

<latexit sha1_base64="URObq3sp0c8aB/1JPgAV8aKYUpI="></latexit>Z
d4x eixqhO(x)DJL(z)O(0)i

one-loop: + …
For recent application of one-point correlator:

Riembau, Son, 2025, PRL

Y.K. Song, S.Y. Wei, L. Yang, J. Zhou, 2025, PRL 
M.S. Gao, Z.B. Kang, W.C. Li, D.Y. Shao, 2025, PRL


one-point energy



Signal of intersection
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<latexit sha1_base64="eAHRNccwod4ytmn5aGkdcW2RyPE=">AAAB83icbVDLSgNBEOyNrxhfUY9eBoPgxbArEj0G9JCDhwjmAdklzE56kyGzD2ZmhbDkN7x4UMSrP+PNv3GS7EETCxqKqm66u/xEcKVt+9sqrK1vbG4Vt0s7u3v7B+XDo7aKU8mwxWIRy65PFQoeYUtzLbCbSKShL7Djj29nfucJpeJx9KgnCXohHUY84IxqI7kOuSDuHQpN+/f9csWu2nOQVeLkpAI5mv3ylzuIWRpipJmgSvUcO9FeRqXmTOC05KYKE8rGdIg9QyMaovKy+c1TcmaUAQliaSrSZK7+nshoqNQk9E1nSPVILXsz8T+vl+rgxst4lKQaI7ZYFKSC6JjMAiADLpFpMTGEMsnNrYSNqKRMm5hKJgRn+eVV0r6sOrVq7eGqUm/kcRThBE7hHBy4hjo0oAktYJDAM7zCm5VaL9a79bFoLVj5zDH8gfX5A0FKkJI=</latexit>

1��L

<latexit sha1_base64="K9kh+qGNABJMWj1v3HwLDvHsHAk=">AAAB73icbVBNSwMxEJ2tX7V+VT16CRbBS8uuSPVY8FLEQwX7Ae1Ssmm2Dc0ma5IVytI/4cWDIl79O978N6btHrT1wcDjvRlm5gUxZ9q47reTW1vf2NzKbxd2dvf2D4qHRy0tE0Vok0guVSfAmnImaNMww2knVhRHAaftYHwz89tPVGkmxYOZxNSP8FCwkBFsrNQpe6iMbvt3/WLJrbhzoFXiZaQEGRr94ldvIEkSUWEIx1p3PTc2foqVYYTTaaGXaBpjMsZD2rVU4IhqP53fO0VnVhmgUCpbwqC5+nsixZHWkyiwnRE2I73szcT/vG5iwms/ZSJODBVksShMODISzZ5HA6YoMXxiCSaK2VsRGWGFibERFWwI3vLLq6R1UfGqler9ZalWz+LIwwmcwjl4cAU1qEMDmkCAwzO8wpvz6Lw4787HojXnZDPH8AfO5w/kVI6b</latexit>�1� JL

multiplicity JL=-2

<latexit sha1_base64="v8Ey2IiGSyylDlKJjKrHxlhZL0s="></latexit>

DDGLAP
JL

(n) =
X

�

Z
E2dE

(2⇡)32E
E�JL�2a†�,Ena�,En

<latexit sha1_base64="JfUGFCTuQw2T+qsKfHRhGE5nPFY="></latexit>

ZJL = 1 +

 
4CA

✏(JL+2) +
eR1(✏)
JL+2 + �1(JL)

✏ ?

? ?

!

The renormalization factor must take into account 
the pole due to mixing with other trajectory

To solve the mixing problem:

Must define the trajectory mixed with DGLAP at 
JL=-2, and compute matrix elements for it

Must redefine a non-degenerate basis at the 
intersection point

<latexit sha1_base64="tZbHxArci/76ScEFdZiO7Ow5wCs=">AAACInicbVDLSgMxFM3UVx1foy7dBIvixjIjUnUhFNx0WcE+oFNKJr1tYzOZIcmIZei3uPFX3LhQ1JXgx5g+EG09EDg5517uvSeIOVPadT+tzMLi0vJKdtVeW9/Y3HK2d6oqSiSFCo14JOsBUcCZgIpmmkM9lkDCgEMt6F+N/NodSMUicaMHMTRD0hWswyjRRmo5FyV8if0AukykcUi0ZPdD28PH+BYfYp/wuEds37dd83NtH0T7p6rl5Ny8OwaeJ96U5NAU5Zbz7rcjmoQgNOVEqYbnxrqZEqkZ5TC0/URBTGifdKFhqCAhqGY6PnGID4zSxp1Imic0Hqu/O1ISKjUIA1Np9uupWW8k/uc1Et05b6ZMxIkGQSeDOgnHOsKjvHCbSaCaDwwhVDKzK6Y9IgnVJlXbhODNnjxPqid5r5AvXJ/miqVpHFm0h/bREfLQGSqiEiqjCqLoAT2hF/RqPVrP1pv1MSnNWNOeXfQH1tc3SfKhHw==</latexit>

H =

✓
1� j ↵

0 0
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The origin of JL=-2 singularity
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At JL=-2, sensitive to soft gluon emission
<latexit sha1_base64="v8Ey2IiGSyylDlKJjKrHxlhZL0s="></latexit>

DDGLAP
JL

(n) =
X

�

Z
E2dE

(2⇡)32E
E�JL�2a†�,Ena�,En



The BFKL detector
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color-color 
correlator

soft factor

One-loop matrix element:

<latexit sha1_base64="QVyDJsmGj+i1sqaVSaBJMeNNLVE=">AAAB73icbVBNSwMxEJ34WetX1aOXYBEqSNkVqR4LXop4qGA/oF1KNs22odnsmmSFsvRPePGgiFf/jjf/jWm7B219MPB4b4aZeX4suDaO841WVtfWNzZzW/ntnd29/cLBYVNHiaKsQSMRqbZPNBNcsobhRrB2rBgJfcFa/uhm6reemNI8kg9mHDMvJAPJA06JsVK75Jzj297dWa9QdMrODHiZuBkpQoZ6r/DV7Uc0CZk0VBCtO64TGy8lynAq2CTfTTSLCR2RAetYKknItJfO7p3gU6v0cRApW9Lgmfp7IiWh1uPQt50hMUO96E3F/7xOYoJrL+UyTgyTdL4oSAQ2EZ4+j/tcMWrE2BJCFbe3YjokilBjI8rbENzFl5dJ86LsVsqV+8titZbFkYNjOIESuHAFVahBHRpAQcAzvMIbekQv6B19zFtXUDZzBH+APn8A59COnQ==</latexit>

(0, JL)quantum number

z1 z2

z



Full mixing structure
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A non-degenerate basis

<latexit sha1_base64="RnuOD2GBLOlTUUJ8DzYY9dQqZtM="></latexit>
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✏ � 4CA

✏(JL+2) �
eR1(✏)
JL+2 + �2(JL)

✏

1

A

finite in ε
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characteristic equation:

Mueller, 1981

Square root corrections in  by level recombinationαs

Level repulsion in QCD

multiplicity (LP)

multiplicity (NLP)

Previously computed in QCD by resummation



Going beyond one loop
• Why do we call the horizontal trajectory BFKL detector?


• Does it holds beyond one loop? Yes, up to a conformal transformation
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<latexit sha1_base64="kaKnuaGNte+4J+q5qFnB/GvO6Ew="></latexit>
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hDBFKL
JL

(z)i

i0

i+

i�

conformal transformation
Balitsky, Chirilli, 2024 
Brunello, Caron-Huot, Crisanti, Giroux, Smith, 2025

Y.Z. Li, Simmons-Duffin, 2025



Two-loop calculation
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NLO color-color correlator
contains both coll. and b2b div.

regularization factor

<latexit sha1_base64="CKBtKAv+t9tjpJDI0y51E/r3rx0="></latexit>
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real-virtual double real

EEC: Dixon, M.X. Luo, Shtabovenko, T.Z. Yang, HXZ, 2018



Two-loop calculation
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NLO color-color correlator
contains both coll. and b2b div.

regularization factor

<latexit sha1_base64="CKBtKAv+t9tjpJDI0y51E/r3rx0="></latexit>
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An example of nf contribution
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My collaborators can do it, but I decided to give                    a try



An example of nf contribution
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�����
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Fadin, Lipatov, 1998



The Wilson-Fisher fixed point
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i0

i+

i�

<latexit sha1_base64="rfHzqCziS/zqueqcbZacXHRASHY="></latexit>

�(g, ✏) =
dg

d lnµ
= �✏⇤g + �(g) = 0
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�BFKL(JL, ✏
⇤)

�����
bulk

= �BFKL(JL)

�����
boundary

extracted as rapidity 
anomalous dimension in 

d=4-2ε* dim.
extracted from BFKL 

detector operator

Rothstein, Stewart, 2016



BFKL eigenvalue at NLO
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Fadin, Lipatov, 1998

Reproduced with a Loops + Legs = 5 detector operator calculation

No additional diagonalization needed


Pure 1/ε pole, no rapidity regularization needed on the detector side



Conclusion
• Detector operators and correlators have provide new insight to QCD, collider 

experiments, and quantum field theory in general


• Phenomena of level repulsion in perturbative QCD: new way to compute 
multiplicity distribution


• The BFKL operator can be related to BFKL kernel for high energy scattering 
through Wilson-Fisher fixed point. A new approach to compute BFKL. 

• Higher loop (NNLO BFKL)? More legs (Multi-Reggion exchange)?


• Other trajectories in the Chew-Fraustri plot? Relation to factorization and its 
breaking?
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