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• Central problem in nutshell


• Lessons from previous work [2209.00008]


• DGLAP detectors and renormalization


• BFKL detector using soft theorem 


• QCD phenomenology
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Central problem
• Two point of views: pheno and formal 


• Pheno problem: can we predict number of particles in a jet analytically?


• Formal problem: what is the space of detectors in a weakly coupled field theory?

Wilson Coefficients that describe parton-> hadron matching

Consider one-point event shape in collider physics: 

• : multiplicity 


• : energy (only this one IRC safe)


• : energy squared

JL = − 2
JL = − 3
JL = − 4

More generally: 

 is the Lorentz spin which is preserved by hadronizationJL
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Central problem
• Two point of views: pheno and formal 


• Pheno problem: can we predict number of particles in a jet analytically?


• Formal problem: what is the space of detectors in a weakly coupled field theory?

• Dependence of  on  can be 
understood by analyzing the matrix elements 
of 


• Above equation is an expansion in 
 with  being the 

Eigenvalue of RG equation of 


• What is the set of  operators that 
describe the expansion of ?

⟨ℕ( ⃗n)⟩Q Q

𝒟JL,k( ⃗n, μ)

(ΛQCD/Q)ΔL,i −ΔLi

𝒟JL,k( ⃗n, μ)

JL = − 2
ℕ( ⃗n)

JL = − 2

Leading 
contribution to the 
multiplicty operator
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• Central problem in nutshell


• Lessons from previous work [2209.00008]


• DGLAP detectors and renormalization


• BFKL detector using soft theorem 


• QCD phenomenology



• For a free massless scalar,  
 




• One can generalize this to define an operator measuring  flux:  
 
 

• Define . Under Lorentz boost along the direction , we have . The powers 
of  under boost define the boost weight or the collinear spin or Lorentz spin :  
 
 

• For  we have mass dimension, , Lorentz spin, 

H ∝ ∫ dd−1 ⃗p a†( ⃗p)a( ⃗p) = ∫ dd−2 ⃗n∫
∞

0
dE Ed−2 a†(E ⃗n)a(E ⃗n) ≡ ℰ2( ⃗n)

EJ−1

nμ = zμ = (1, ⃗n) ⃗n z → λz
λ JL

ℰJ( ⃗n) −ΔL = J − 1 JL = 3 − d − J
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Detectors in free theory
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Detectors in interacting theory
• Instead of using creation-annihilation operators, define the detectors in terms of light-ray operators: 

 
 
 
 
 
 
 

• For free theory, , such that scaling dimension  and Lorentz spin 



• In the interacting theory we can’t have both  and  come out as expected:  
 

Δ = J + 2(d − 2)/2 ΔL = 1 − J
JL = 1 − Δ = 3 − d − J

ΔL JL

Spin of the local operator 
Contract Lorentz indicies with zμ

Shrinking the  to  forces us to consider the OPEΩ ⃗n

This happens because the dimension of  becomes anomalous𝒪J
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Disaster?
• Turn on  interactions and tune to Wilson-Fisher fixed point 

 
 

• Mass dimension of :   
 
 
 
 

• Notice that  has poles for . This means we have failed to appropriately renormalize the 
operators  at these points. Predicts absurd scaling under boosts: 


• The reason for poles is because we have ignored other Regge trajectories 

ϕ4

𝒪J Δ(J) = 2Δϕ + J + γ(J)

γ(J) J = 0, − 1
ℰJ( ⃗n) JL = 1 − Δ(J)



9

Regge trajectories in free theory

Spin-Shadow 

Light transforms analytically 
continued in :  J L[𝒪J]

Light transforms 
of higher twist 
operators

• It is important to know if there are other 
operators that could mix with 


• The spin shadow defines another set of 
light-ray operators with the same 

 but  


• For interacting theory, mixing at the 
Regge intercept described by a 
quadratic equation with roots:  
 




• Solution gives: 


• Naive expansion at a generic : 

L[𝒪J]

ΔL = 1 − J JL → 2 − d − JL

ν2 = (2Δϕ − d/2 + J + γ(J))2, ν = Δ − d/2

Δ = d/2 ± J2 − ϵ2

J

Δ =
d
2

+ (J −
ϵ2

J ) + …
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Perturbation Theory in QM

5

Physicists are extremely good at doing perturbation theories.
<latexit sha1_base64="r7SbA4+1DiuodVnA0YG5nzo+t/I=">AAAB+HicbVDLSsNAFL2pr1ofjbp0M1gEQSiJSHUjFN10WcE+oA1hMpm0QyeTMDMRaumXuHGhiFs/xZ1/47TNQlsPDBzOuYd75wQpZ0o7zrdVWFvf2Nwqbpd2dvf2y/bBYVslmSS0RRKeyG6AFeVM0JZmmtNuKimOA047wehu5nceqVQsEQ96nFIvxgPBIkawNpJvlxs3Dd8573MTCTFq+3bFqTpzoFXi5qQCOZq+/dUPE5LFVGjCsVI910m1N8FSM8LptNTPFE0xGeEB7RkqcEyVN5kfPkWnRglRlEjzhEZz9XdigmOlxnFgJmOsh2rZm4n/eb1MR9fehIk001SQxaIo40gnaNYCCpmkRPOxIZhIZm5FZIglJtp0VTIluMtfXiXti6pbq9buLyv127yOIhzDCZyBC1dQhwY0oQUEMniGV3iznqwX6936WIwWrDxzBH9gff4A+u+SBg==</latexit>

H = H0 + �VHamiltonian: Goal: solving equation
<latexit sha1_base64="727fUwm0V7RYs8S/LjVHaJc0qJ0=">AAACDnicbVBNS8NAEJ3Ur1q/qh69LJaCp5KIVC9CUYQeK9gPaELYbDft0s0m7G6EUvsLvPhXvHhQxKtnb/4bt20O2vpg4PHeDDPzgoQzpW3728qtrK6tb+Q3C1vbO7t7xf2DlopTSWiTxDyWnQArypmgTc00p51EUhwFnLaD4fXUb99TqVgs7vQooV6E+4KFjGBtJL9YrqMHt6GYL1yJRZ9TdIlufLEg+sWSXbFnQMvEyUgJMjT84pfbi0kaUaEJx0p1HTvR3hhLzQink4KbKppgMsR92jVU4Igqbzx7Z4LKRumhMJamhEYz9ffEGEdKjaLAdEZYD9SiNxX/87qpDi+8MRNJqqkg80VhypGO0TQb1GOSEs1HhmAimbkVkQGWmGiTYMGE4Cy+vExapxWnWqnenpVqV1kceTiCYzgBB86hBnVoQBMIPMIzvMKb9WS9WO/Wx7w1Z2Uzh/AH1ucPGUGbiw==</latexit>

H| ni = En| ni

<latexit sha1_base64="3+NtF/3TBcndKUsitoG1L4hJHuM=">AAACDHicbVDLSgMxFL3js9ZX1aWbYBHqpsyIVDdCUYQuK9gHtOOQSdM2NJMZkoxQxn6AG3/FjQtF3PoB7vwb03ZAbT0QOJxzLjf3+BFnStv2l7WwuLS8sppZy65vbG5t53Z26yqMJaE1EvJQNn2sKGeC1jTTnDYjSXHgc9rwB5djv3FHpWKhuNHDiLoB7gnWZQRrI3m5fMWz0b1oSyx6nKJzdOWJ26RgH41+VJOyi/YEaJ44KclDiqqX+2x3QhIHVGjCsVItx460m2CpGeF0lG3HikaYDHCPtgwVOKDKTSbHjNChUTqoG0rzhEYT9fdEggOlhoFvkgHWfTXrjcX/vFasu2duwkQUayrIdFE35kiHaNwM6jBJieZDQzCRzPwVkT6WmGjTX9aU4MyePE/qx0WnVCxdn+TLF2kdGdiHAyiAA6dQhgpUoQYEHuAJXuDVerSerTfrfRpdsNKZPfgD6+Mbh1GaDw==</latexit>

H0|ni = E
(0)
n |niHilbert space: [assume no degeneracy]

<latexit sha1_base64="AAaifvNUx9K1bgoEquAwhUOkgPk="></latexit>

En(�) = E(0)
n + � hn|V |ni+ �2

X

k 6=n

| hk|V |ni |2

E(0)
n � E(0)

k
<latexit sha1_base64="YxswDEDfmIlj8RkNPzjdtFGutow="></latexit>
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X

k 6=n
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Perturbative expansion:

perturbation

At each order in the expansion, we find pole structures when energy levels are very close.

Numerically, this approximation is not good when the energy gap is  [resummation is needed]𝒪(λ)
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Perturbative expansion:

perturbation

At each order in the expansion, we find pole structures when energy levels are very close.

Numerically, this approximation is not good when the energy gap is  [resummation is needed]𝒪(λ)

Slides from Hao Chen’s talk at EEC Workshop, Wuhan

https://indico.ihep.ac.cn/event/24880/contributions/187645/attachments/90593/117768/EEC_workshop_Hao_Chen.pdf
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Two-level system example

6

If the first excited state is close to the ground state, while all other states are far-separated,

the leading approximation for lowest two states is a two-level system

Example:

Perturbative expansion for the ground state energy

<latexit sha1_base64="RJj74gajiKUF//oup//dMTCuC1Y="></latexit>

B is the energy gap for “free” Hamiltonian H0 =
B

2
�z

<latexit sha1_base64="kBKqgLfP2HpFjR9Yj+WWQ3HvWk8=">AAAB/nicbVDLTsJAFL3FF+ILdelmIjFxRVpjwCXBjUuM8kigIdNhChOm02ZmatIUEn/Arf6BO+PWX/EH/A4H6ELAk9zk5Jx7c+89XsSZ0rb9beU2Nre2d/K7hb39g8Oj4vFJS4WxJLRJQh7KjocV5UzQpmaa004kKQ48Ttve+Hbmt5+oVCwUjzqJqBvgoWA+I1gb6WFSn/SLJbtsz4HWiZOREmRo9Is/vUFI4oAKTThWquvYkXZTLDUjnE4LvVjRCJMxHtKuoQIHVLnp/NQpujDKAPmhNCU0mqt/J1IcKJUEnukMsB6pVW8m/ud1Y+3fuCkTUaypIItFfsyRDtHsbzRgkhLNE0MwkczcisgIS0y0SWdpSzRKFCNqaoJxVmNYJ62rslMpV+6vS7V6FlEezuAcLsGBKtTgDhrQBAJDeIFXeLOerXfrw/pctOasbOYUlmB9/QLBMJbF</latexit>

|B|

But everyone knows there is a straightforward way! [direct diagonalization]

<latexit sha1_base64="f5yONPFn9oUMyVnIF1/9CGdN5ao="></latexit>

H =
B

2
�z + �(3�x + �z)

Not easy to resum if one does not recognize the pattern of coefficients

<latexit sha1_base64="y+7gGeCPqt/sUh/hkNv9bprsME4=">AAAB/nicbVDLSsNAFL2pr1pfVZduBovgqiQi1ZWUunFZ0bSFNpTJdNIOnUzCzEQIoeAPuNU/cCdu/RV/wO9w2mZhWw9cOJxzL/fe48ecKW3b31ZhbX1jc6u4XdrZ3ds/KB8etVSUSEJdEvFIdnysKGeCupppTjuxpDj0OW3749up336iUrFIPOo0pl6Ih4IFjGBtpIfGjd0vV+yqPQNaJU5OKpCj2S//9AYRSUIqNOFYqa5jx9rLsNSMcDop9RJFY0zGeEi7hgocUuVls1Mn6MwoAxRE0pTQaKb+nchwqFQa+qYzxHqklr2p+J/XTXRw7WVMxImmgswXBQlHOkLTv9GASUo0Tw3BRDJzKyIjLDHRJp2FLfEoVYyoiQnGWY5hlbQuqk6tWru/rNQbeURFOIFTOAcHrqAOd9AEFwgM4QVe4c16tt6tD+tz3lqw8pljWID19QvkuZY7</latexit>

B > 0

<latexit sha1_base64="4XrnHxsmOeg0mhQWB7Yvw6UAW9M="></latexit>

Eg = �B

2
� �� 9�2

B
+

18�3

B2
+

45�4

B3
� 414�5

B4
+ · · ·

<latexit sha1_base64="TeKqGwZpTzvs6rKGkmNSL2BspNc="></latexit>

dEg

d�
= h g|

dH

d�
| giHellmann-Feynman theorem

<latexit sha1_base64="3sw2wHp0XGykTYC1IFAwXABQUTI="></latexit>

=
a1�+ a2p

�2 + b1�+ b2

solution <latexit sha1_base64="VxZ1NZ9HWDM3OSBXvbPgSxijz7I="></latexit>

Eg = �1

2

p
B2 + 4B�+ 40�2

<latexit sha1_base64="ne+373PuxvS8lZUO9mqIfkhcSd0="></latexit>

det(H � EI) = E
2 � (B2

/4 + 2B�+ 5�2)
<latexit sha1_base64="05XiZHkm4jBpmqZ4rLfBHuMFTzw="></latexit>

E = ±1

2

p
B2 + 4B�+ 40�2
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Slides from Hao Chen’s talk at EEC Workshop, Wuhan

https://indico.ihep.ac.cn/event/24880/contributions/187645/attachments/90593/117768/EEC_workshop_Hao_Chen.pdf
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Avoided Level Crossing

7

The “free” Hamiltonian has degeneracy at 
, but is lifted by small perturbation.B = 0

Varying the external field , we find 
avoided level crossing near .

B
B 𝒪 0

Comparison btw two methods:

1. Perturbation + resummation


2. The existence of the second level is known, 
the direct diagonalization is much simpler.

[may not know the existence of the second level]

Apply perturbation within the valid regime

Resum the series near the intersection
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Comparison btw two methods:

1. Perturbation + resummation


2. The existence of the second level is known, 
the direct diagonalization is much simpler.

[may not know the existence of the second level]

Apply perturbation within the valid regime

Resum the series near the intersection
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Regge trajectories in Wilson Fisher theory
• The poles at  are in fact smooth once 

expanded properly: 
 
 
 
 
 

• Poles at  have cancelled.


• One can obtain further Regge trajectories by 
combining light ray operators: 

J = 0

J = 0

• For  (the Regge intercept, here ) the product requires regularization. For 
Wilson Fisher theory, these start at max . 

J = J1 + J2 − 1 > J0 J = 0
J = − 1

Clebsch-Gordon coefficient for the Lorentz group
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Constructing detectors in perturbation theory
• Convenient to work in the detector frame. Define fields at future null 

infinity:  
 

 

• Detectors transform like primary operators at infinity: .


• Dimension of the detector:  
 
QCD version:  

• Example of a primary detector:

ϕ(α, z) = lim
L→∞

LΔϕϕ(x + Lz) , α = − 2x ⋅ z

[Pμ, 𝒟] = 0

[D, 𝒟(z)] = − ΔL𝒟(z)

Translationally invariant kernel

• The translation invariance condition and the detector spin  remains exact in perturbation theory


• Interactions renormalize the detector dimension : 

JL

ΔL ΔL = ΔL,0(JL) + γL(JL)
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Spacetime reciprocity
• Starting with the fact that it’s the detector 

anomalous dimension  that gets 
renormalized, we can draw interesting 
conclusions. Use  
 

 
 




• In the traditional frame we write  
 

This is renormalizing local operators in the 
bulk 


• This yields  with 
 

ΔL

(JL, ΔL) = (1 − Δ,1 − J)

ΔL = ΔL,0(JL) + γL(JL)

J = J0 − γL(1 − Δ)

Δ = τ0 + J + γ(J) , ⇒ J0 = J + γ(J)

γT(J0) = γ(J0 − γT(J0))
γL(1 − Δ) ≡ γT(J0)



Outline

16

• Central problem in nutshell


• Lessons from previous work [2209.00008]


• DGLAP detectors and renormalization


• BFKL detector using soft theorem 


• QCD phenomenology



• We now consider the -flux detectors in QCD   
 
 
 
 
 
 

• Turning on interactions will lead to IR divergences. Only the combination  for 
 for the energy flow operator  is IRC safe. 


• Another way to write this: 

EJ−1

𝒟JL,g + 𝒟JL,q
JL = 1 − d (J = 2)

DGLAP detectors in QCD

17
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Tree-level matrix elements

• These rules and a lot of algebra gives the tree-level matrix elements:
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One-loop computation
• At one-loop one has real emission and virtual 

contributions 


• The one-loop calcualtion yields an  pole which 
defines the DGLAP anomalous dimension: 
 
 
 
 
 
 
 

ϵ

• Renormalizaing this way does not remove the  poles


• These poles as before signal recombination of the DGLAP trajectory with another trajectory

JL



Outline
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• Central problem in nutshell


• Lessons from previous work [2209.00008]


• DGLAP detectors and renormalization


• BFKL detector using soft theorem 


• QCD phenomenology
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The origin of the  poleJL = − 2

• The poles at  arise from the soft limit  in the loop computation of the DGLAP 
detector 

JL = − 2 + ℕ E → 0

 particle contributionn + 1

 particle form factorn
Cross-section level soft factor 𝒮ij
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BFKL Detector

30

Apply DGLAP measurement and extract its leading  pole from soft theoremJL

DGLAP detector

[constrained P.S.]

full phase space 
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2<latexit sha1_base64="/AGpxNH5JwWPRYbzTp9LSct6Dwo=">AAACMnicbVC7TsMwFLV5lvJoCyOLRYXEVCUIFcYKFsYi0YfURpXjOK1Vxwm2gwhRv4MV/oGfgQ2x8hG4aQbSciRLR+c+zvVxI86UtqwPuLa+sbm1Xdop7+7tH1SqtcOuCmNJaIeEPJR9FyvKmaAdzTSn/UhSHLic9tzpzbzee6RSsVDc6ySiToDHgvmMYG0kZ5htSCX1Zuh5VK1bDSsDWiV2TuogR3tUg5WhF5I4oEITjpUa2FaknRRLzQins/IwVjTCZIrHdGCowAFVTpp5ztCpUTzkh9I8oVGm/p1IcaBUErimM8B6opZrc/G/2iDW/pWTMhHFmgqyMPJjjnSI5hEgj0lKNE8MwUQycysiEywx0SaogsvT4tSCFk0SxYgqisr8fmJCNBHay4Gtku55w242mncX9dZ1HmYJHIMTcAZscAla4Ba0QQcQ8ABewCt4g+/wE37B70XrGsxnjkAB8OcXK/qrnQ==</latexit>z

<latexit sha1_base64="YNz+e93z3ciy6uPFqeLe83yAffo=">AAACCHicbVBLTgJBFOzxi/hDXbrpSExckRlj0CXRjUtM5JMwSHqaN9DS3TN29xjJhAt4Ard6AnfGrbfwAN7DBmYhYCUvqVS9l1epIOZMG9f9dpaWV1bX1nMb+c2t7Z3dwt5+XUeJolCjEY9UMyAaOJNQM8xwaMYKiAg4NILB1dhvPILSLJK3ZhhDW5CeZCGjxFjpzteJ6KTMl/CA70edQtEtuRPgReJlpIgyVDuFH78b0USANJQTrVueG5t2SpRhlMMo7ycaYkIHpActSyURoNvpJPUIH1uli8NI2ZEGT9S/FykRWg9FYDcFMX09743F/7xWYsKLdspknBiQdPooTDg2ER5XgLtMATV8aAmhitmsmPaJItTYoma+PE2j2l68+RYWSf205JVL5ZuzYuUyayiHDtEROkEeOkcVdI2qqIYoUugFvaI359l5dz6cz+nqkpPdHKAZOF+/trqbIg==</latexit>X

i 6=j

<latexit sha1_base64="/AGpxNH5JwWPRYbzTp9LSct6Dwo=">AAACMnicbVC7TsMwFLV5lvJoCyOLRYXEVCUIFcYKFsYi0YfURpXjOK1Vxwm2gwhRv4MV/oGfgQ2x8hG4aQbSciRLR+c+zvVxI86UtqwPuLa+sbm1Xdop7+7tH1SqtcOuCmNJaIeEPJR9FyvKmaAdzTSn/UhSHLic9tzpzbzee6RSsVDc6ySiToDHgvmMYG0kZ5htSCX1Zuh5VK1bDSsDWiV2TuogR3tUg5WhF5I4oEITjpUa2FaknRRLzQins/IwVjTCZIrHdGCowAFVTpp5ztCpUTzkh9I8oVGm/p1IcaBUErimM8B6opZrc/G/2iDW/pWTMhHFmgqyMPJjjnSI5hEgj0lKNE8MwUQycysiEywx0SaogsvT4tSCFk0SxYgqisr8fmJCNBHay4Gtku55w242mncX9dZ1HmYJHIMTcAZscAla4Ba0QQcQ8ABewCt4g+/wE37B70XrGsxnjkAB8OcXK/qrnQ==</latexit>z
Soft Thm

+ integrate  E

<latexit sha1_base64="kQ+wPp9YNh4Ke4SK68QDMyPlv/c=">AAACPHicbVDLSsNAFJ34rPXRVnHlJlgEQShJkeqy6EbERQX7gCaGyWTSDJ08mJmIIeRj3Oo/+B/u3Ylb107aLEzrgYHDOfdyzxw7ooQLTftQVlbX1jc2K1vV7Z3dvVq9sT/gYcwQ7qOQhmxkQ44pCXBfEEHxKGIY+jbFQ3t6nfvDJ8w4CYMHkUTY9OEkIC5BUEjJqh8anPiGyyBKJ4/tLL217s7amVVvai1tBnWZ6AVpggI9q6HUDCdEsY8DgSjkfKxrkTBTyARBFGdVI+Y4gmgKJ3gsaQB9zM10lj9TT6TiqG7I5AuEOlP/bqTQ5zzxbTnpQ+HxRS8X//PGsXAvzZQEUSxwgOaH3JiqIlTzMlSHMIwETSSBiBGZVUUelGUIWVnpyvM8akmLvIQTxMsil7/3sJNXqC8WtkwG7ZbeaXXuz5vdq6LMCjgCx+AU6OACdMEN6IE+QCAFL+AVvCnvyqfypXzPR1eUYucAlKD8/AKGXa6s</latexit>

⇠ g2

JL + 2

<latexit sha1_base64="YNz+e93z3ciy6uPFqeLe83yAffo=">AAACCHicbVBLTgJBFOzxi/hDXbrpSExckRlj0CXRjUtM5JMwSHqaN9DS3TN29xjJhAt4Ard6AnfGrbfwAN7DBmYhYCUvqVS9l1epIOZMG9f9dpaWV1bX1nMb+c2t7Z3dwt5+XUeJolCjEY9UMyAaOJNQM8xwaMYKiAg4NILB1dhvPILSLJK3ZhhDW5CeZCGjxFjpzteJ6KTMl/CA70edQtEtuRPgReJlpIgyVDuFH78b0USANJQTrVueG5t2SpRhlMMo7ycaYkIHpActSyURoNvpJPUIH1uli8NI2ZEGT9S/FykRWg9FYDcFMX09743F/7xWYsKLdspknBiQdPooTDg2ER5XgLtMATV8aAmhitmsmPaJItTYoma+PE2j2l68+RYWSf205JVL5ZuzYuUyayiHDtEROkEeOkcVdI2qqIYoUugFvaI359l5dz6cz+nqkpPdHKAZOF+/trqbIg==</latexit>X

i 6=j

<latexit sha1_base64="/AGpxNH5JwWPRYbzTp9LSct6Dwo=">AAACMnicbVC7TsMwFLV5lvJoCyOLRYXEVCUIFcYKFsYi0YfURpXjOK1Vxwm2gwhRv4MV/oGfgQ2x8hG4aQbSciRLR+c+zvVxI86UtqwPuLa+sbm1Xdop7+7tH1SqtcOuCmNJaIeEPJR9FyvKmaAdzTSn/UhSHLic9tzpzbzee6RSsVDc6ySiToDHgvmMYG0kZ5htSCX1Zuh5VK1bDSsDWiV2TuogR3tUg5WhF5I4oEITjpUa2FaknRRLzQins/IwVjTCZIrHdGCowAFVTpp5ztCpUTzkh9I8oVGm/p1IcaBUErimM8B6opZrc/G/2iDW/pWTMhHFmgqyMPJjjnSI5hEgj0lKNE8MwUQycysiEywx0SaogsvT4tSCFk0SxYgqisr8fmJCNBHay4Gtku55w242mncX9dZ1HmYJHIMTcAZscAla4Ba0QQcQ8ABewCt4g+/wE37B70XrGsxnjkAB8OcXK/qrnQ==</latexit>z

<latexit sha1_base64="kqz6TUo5Z6evAzjXWoHA/0D185Y=">AAACN3icbVDLSsNAFJ34rPXRVJduBovgqiQi1WXRjcsK9gFtKJPpTTN08mBmUoyhf+JW/8FPceVO3PoHTtMsbOuBgcO5j3PnuDFnUlnWh7GxubW9s1vaK+8fHB5VzOpxR0aJoNCmEY9EzyUSOAuhrZji0IsFkMDl0HUnd/N6dwpCsih8VGkMTkDGIfMYJUpLQ9Mc5Dsylycww89DNjRrVt3KgdeJXZAaKtAaVo3KYBTRJIBQUU6k7NtWrJyMCMUoh1l5kEiICZ2QMfQ1DUkA0sly2xk+18oIe5HQL1Q4V/9OZCSQMg1c3RkQ5cvV2lz8r9ZPlHfjZCyMEwUhXRh5CccqwvMc8IgJoIqnmhAqmL4VU58IQpVOa8nlaXHqkhb7qWRULotS/96H0UxHaK8Gtk46l3W7UW88XNWat0WYJXSKztAFstE1aqJ71EJtRNEUvaBX9Ga8G5/Gl/G9aN0wipkTtATj5xdLi60h</latexit>zi

<latexit sha1_base64="8MXdwXvhTd3e7henpZOXJCqiYc8=">AAACN3icbVDLTsJAFJ3iC/FB0aWbicTEFWmNQZdENy4xkUcChEyHWzoyfWRmSqwNf+JW/8FPceXOuPUPHEoXAp5kkpNzH+fOcSLOpLKsD6Owsbm1vVPcLe3tHxyWzcpRW4axoNCiIQ9F1yESOAugpZji0I0EEN/h0HEmt/N6ZwpCsjB4UEkEA5+MA+YySpSWhqbZz3akDo9hhp+Hj0OzatWsDHid2DmpohzNYcUo90chjX0IFOVEyp5tRWqQEqEY5TAr9WMJEaETMoaepgHxQQ7SzHaGz7Qywm4o9AsUztS/EynxpUx8R3f6RHlytTYX/6v1YuVeD1IWRLGCgC6M3JhjFeJ5DnjEBFDFE00IFUzfiqlHBKFKp7Xk8rQ4dUmLvEQyKpdFqX/vwWimI7RXA1sn7YuaXa/V7y+rjZs8zCI6QafoHNnoCjXQHWqiFqJoil7QK3oz3o1P48v4XrQWjHzmGC3B+PkFTU2tIg==</latexit>zj

New “measurement” function — BFKL detector

<latexit sha1_base64="/AGpxNH5JwWPRYbzTp9LSct6Dwo=">AAACMnicbVC7TsMwFLV5lvJoCyOLRYXEVCUIFcYKFsYi0YfURpXjOK1Vxwm2gwhRv4MV/oGfgQ2x8hG4aQbSciRLR+c+zvVxI86UtqwPuLa+sbm1Xdop7+7tH1SqtcOuCmNJaIeEPJR9FyvKmaAdzTSn/UhSHLic9tzpzbzee6RSsVDc6ySiToDHgvmMYG0kZ5htSCX1Zuh5VK1bDSsDWiV2TuogR3tUg5WhF5I4oEITjpUa2FaknRRLzQins/IwVjTCZIrHdGCowAFVTpp5ztCpUTzkh9I8oVGm/p1IcaBUErimM8B6opZrc/G/2iDW/pWTMhHFmgqyMPJjjnSI5hEgj0lKNE8MwUQycysiEywx0SaogsvT4tSCFk0SxYgqisr8fmJCNBHay4Gtku55w242mncX9dZ1HmYJHIMTcAZscAla4Ba0QQcQ8ABewCt4g+/wE37B70XrGsxnjkAB8OcXK/qrnQ==</latexit>z

<latexit sha1_base64="kqz6TUo5Z6evAzjXWoHA/0D185Y=">AAACN3icbVDLSsNAFJ34rPXRVJduBovgqiQi1WXRjcsK9gFtKJPpTTN08mBmUoyhf+JW/8FPceVO3PoHTtMsbOuBgcO5j3PnuDFnUlnWh7GxubW9s1vaK+8fHB5VzOpxR0aJoNCmEY9EzyUSOAuhrZji0IsFkMDl0HUnd/N6dwpCsih8VGkMTkDGIfMYJUpLQ9Mc5Dsylycww89DNjRrVt3KgdeJXZAaKtAaVo3KYBTRJIBQUU6k7NtWrJyMCMUoh1l5kEiICZ2QMfQ1DUkA0sly2xk+18oIe5HQL1Q4V/9OZCSQMg1c3RkQ5cvV2lz8r9ZPlHfjZCyMEwUhXRh5CccqwvMc8IgJoIqnmhAqmL4VU58IQpVOa8nlaXHqkhb7qWRULotS/96H0UxHaK8Gtk46l3W7UW88XNWat0WYJXSKztAFstE1aqJ71EJtRNEUvaBX9Ga8G5/Gl/G9aN0wipkTtATj5xdLi60h</latexit>zi

<latexit sha1_base64="8MXdwXvhTd3e7henpZOXJCqiYc8=">AAACN3icbVDLTsJAFJ3iC/FB0aWbicTEFWmNQZdENy4xkUcChEyHWzoyfWRmSqwNf+JW/8FPceXOuPUPHEoXAp5kkpNzH+fOcSLOpLKsD6Owsbm1vVPcLe3tHxyWzcpRW4axoNCiIQ9F1yESOAugpZji0I0EEN/h0HEmt/N6ZwpCsjB4UEkEA5+MA+YySpSWhqbZz3akDo9hhp+Hj0OzatWsDHid2DmpohzNYcUo90chjX0IFOVEyp5tRWqQEqEY5TAr9WMJEaETMoaepgHxQQ7SzHaGz7Qywm4o9AsUztS/EynxpUx8R3f6RHlytTYX/6v1YuVeD1IWRLGCgC6M3JhjFeJ5DnjEBFDFE00IFUzfiqlHBKFKp7Xk8rQ4dUmLvEQyKpdFqX/vwWimI7RXA1sn7YuaXa/V7y+rjZs8zCI6QafoHNnoCjXQHWqiFqJoil7QK3oz3o1P48v4XrQWjHzmGC3B+PkFTU2tIg==</latexit>zj

<latexit sha1_base64="ZUcCwd9tZUWqw2QyWTc2s3tJZxI="></latexit>Z
dd�2zid

d�2zj
zi · zj

(z · zi)(z · zj)
<latexit sha1_base64="JQi6/SOBCiRSmNd/v3DZ5k2l5D8="></latexit>

N c(zi)N c(zj)

<latexit sha1_base64="spk9kGaKaOX1gRZVqzDo9ts/ETo="></latexit>

N c(zi) $ Tc
i

Z
Ed�2

i dEi

(2⇡)d�12Ei

Z
ddpi �(pi � Eizi)

color-interference 
number detector

detector at JL = 𝒪 2
<latexit sha1_base64="Olxw9VmKS9udjVCIkKLrPjYN3nE="></latexit>

DBFKL
JL

(z) =

Z
dd�2zid

d�2zj

✓
zi · zj

(z · zi)(z · zj)

◆�JL/2

N c(zi)N c(zj)

  BFKL detector  

<latexit sha1_base64="+USw5B2ZVQw8EZosNg3Fhzr1TpE="></latexit>

DBFKL
JL

(z) =
�(JL + d� 2)

�(JL+d�2
2 )2

Z
dd�2zid

d�2zj

✓
2zi · zj

(2z · zi)(2z · zj)

◆�JL/2

N c(zi)N c(zj)

Slides from Hao Chen’s talk at EEC Workshop, Wuhan

https://indico.ihep.ac.cn/event/24880/contributions/187645/attachments/90593/117768/EEC_workshop_Hao_Chen.pdf
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Structure of the BFKL-DGLAP mixing
• One aims to define renormalized DGLAP and BFKL detectors whose loop matrix elements have no 

 poles and no  poles near 


• At generic  we have 
 
 

• For generic  the  poles are given by  
 

• These two detectors become identical at . This requires 
working with a non-degenerate basis. 


• Renormalization yields the detector anom. dim:

ϵ JL JL ∼ − 2

JL

ϵ JL

JL = − 2 + 2ϵ
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Renormalized Regge trajectories in pure YM

This technology allowed them to predict the 
leading and subleading poles of the  and the 
leading poles of 

γT
γS


