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Thank You! 

• To all the speakers!

• To Glenna Paige, Faith Chow

• To Adi, Anthony, Shuo, Zhenjie

• To Bernhard Mistlberger
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Entrance to Northwestern Physics Department 



Philosophy [i.e. natural philosophy] is written in this 

grand book — I mean the Universe — which stands 

continually open to our gaze, but it cannot be 

understood unless one first learns to comprehend the 

language and interpret the characters in which it is 

written. It is written in the language of mathematics, 

and its characters are triangles, circles, and other 

geometrical figures, without which it is humanly 

impossible to understand a single word of it; without 

these, one is wandering around in a dark labyrinth.

Longer Version

– G. Galilei, The Assayer
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• Our current labyrinth!

• The Energy Frontier for at least 20 years. 

• Higgs discovered, now must study its properties (including its 

potential, via HH) and continue the search for new physics, 

largely by precision methods

Vernieri talk
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Precision theory,

from NLO to NNLO

and even NNNLO

required here!
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• Leading-order (LO) predictions only qualitative 

due to poor convergence  of expansion in 𝛼𝑠

• Can easily get ~ 50-100% uncertainties in LO predictions  

Short-Distance Cross Section 

in Perturbation Theory

LO NLO NNLO

• Uncertainties brought under much better control with 

NLO corrections:  ~ 15-20%

• NNLO ~ 3-8% uncertainties

• N3LO, very few processes ~ 1-2% uncertainties

ො𝜎 𝛼𝑠 = 𝛼𝑠
𝑛[ ො𝜎 0 + 𝛼𝑠 ො𝜎 1 + 𝛼𝑠

2 ො𝜎(2) + 𝛼𝑠
3 ො𝜎(3) + ⋯ ]

NNNLO



One revolution after another
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Gavin Salam (2012)



NNLO revolution (the beginning)
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G. Zanderighi, CERN Courier (2017)

2 → 1 2 → 2



NNLO, 2→3 frontier

now with full color or one mass 
• DeLaurentis, 𝑔𝑔 → 𝛾𝛾𝛾, also 

• Buccioni, for 𝑝𝑝 → 3 𝑗𝑒𝑡𝑠
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Also 2→2 EW or QCD+EW

• G. Fiore, 𝑔𝑔 → 𝛾𝛾

• Q. Song, 𝑒+𝑒− → 𝑍𝐻

• P. Bargiela, 𝑞 ത𝑞 → 𝑍𝑔
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N3LO revolution too (circa 2021)!
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• Work in progress to make N3LO more differential (i.e. implement 

actual experimental cuts)

• Enabling the next steps in the N3LO revolution
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• Gambuti: 3 loop amplitudes for 2 → 2 partons 

[→ N3LO jets]



• Now at 3 revolutions

• 2.5 more than in Russia recently…
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The heart of many calculations:
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New integral methods

• Numerical via bounds with inequalities (M. Zeng)

• Analytic via Feynman Integral Bootstrap                      

(H. Hannesdottir)

• Generalizing “canonical form” of differential 

equations beyond multiple polylogs using 

unipotency (L. Tancredi)

• Power series for NNLO (𝑚𝑡) 𝛾𝛾 (F. Coro) 

• Dispersive approaches to 2-loop EW (Q. Song)
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Sterman, local IR subtractions
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• G. Fiore, integrals for electroweak 

corrections to 𝑔𝑔 → 𝛾𝛾
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Savoini: approximate triple heavy 

NNLO using soft or small mass limits
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Computational workflow 

and bottlenecks
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DeLaurentis, 2-loop 𝛾𝛾𝛾
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• H. Chawdry: Bypass some intermediate 

steps with p-adic numbers  
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Precision beyond standard model

– current focus SMEFT
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S. Dawson, SMEFT with flavor



Y. Huang 

Using DY AFB to Lift SMEFT Flat Directions
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Caola:

Precision Flavored Jets
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B. Mecaj and X. Zhang: 

Precision Energy Flow in 

[Flavored] Jets
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B. Mecaj X. Zhang



Vicini: Can get small pQCD uncertainty for 

MW via bin asymmetry
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Devoto: Higgs interference in

 𝑔𝑔 → H → 𝛾𝛾  now @ NNLO
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Parton showers

• No loops (Herren), or ∞ loops (Karlberg)??

• NLL and NNDL shower accuracy

• “NLO showers” in future via interpolating 

gauges? (Soper)
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Non-LHC applications

• From 𝛽 decay (R. Plestid) 

• to gravitational waves (M. Ruf)
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B. Nachman:

ML for particle simulations
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E.g. GANs learning hadronization



ML for conference summaries
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Those who explore an unknown world are travelers 
without a map: the map is the result of the exploration. 
The position of their destination is not known to them, 
and the direct path that leads to it is not yet made.

- Hideki Yukawa



LoopFest XXII

May 2024, SMU, Dallas, Texas, USA
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Thank you for coming 

to [Multi]LoopFest!
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And safe travels back, or onwards in California!!!
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