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Lesson from the LHC: tools needed
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Standard practice for phenomenology studies at Tevatraon/LHC

The “factorization formalism” 
• Hadrons are composite and contains “partons” inside them
• The parton distributon functions (PDF) describes the probability to find a parton  

with a particular momentum from the beam particle.

Copy needed for an EW version
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Lessons from the LHC: NLO
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NLO QCD is inevitable

What do we learn from the QCD machine ?

NLO EW is neededS. Frixione, V. Hirschi, D. Pagani, H.S. Shao, M. Zaro, 1504.03446



Next-to-leading order at the muon collider
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The muon collider could also be a precision machine

Lesson from the LHC: the NLO QCD is inevitable, so is the NLO EW at muC 

P. Bredt, W. Kilian, J. Reuter and P. Stienemeier, 2208.09438

 corrections in the differential cross sections𝒪(10% − 100%)

Best Paper Awards 2023

EW NLO and EWSL at the muC- Yang Ma



What is inside the NLO EW correction?
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Example: e+e− → tt̄
A. Denner, S. Pozzorini, hep-ph/0010201

• Double Logs do not cancel out even for inclusive observables


• IR cutoff ( ) is physical


• Double Logs are extremely large at a Muon Collider

mV



EW Sudakov Logs
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D. Pagani, M. Zaro, 2110.03714
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Calculation set-up
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Kinematic cuts: 

,   GeV,  η(X) < 2.44 pT(X) > 100 ΔR(X, Y ) > 0.4

Focus on annihilationT. Han, YM and K. Xie, 2007.14300, 2103.09844

Cluster photon with charged particles for

 ΔR(X, γ) < 0.4

Initial State Radiation (ISR):

We use the leading-log (LL) muon PDF

V. Bertone, M. Cacciari, S. Frixione, G. Stagnitto, M. Zaro and X. Zhao, 2207.03265

Beta Scheme

Eta Scheme

Better PDF is neededEW NLO and EWSL at the muC- Yang Ma



Top pair production
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EWSL works well in reproducing the full NLO EW

YM, D. Pagani, and M. Zaro, 2409.09129
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Di-V production
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 has better behaviorsSDKweak

YM, D. Pagani, and M. Zaro, 2409.09129
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Negative! 



Go beyond the DP EWSL
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: To include the Δs→rkl log ( |rkl | / |rk′ l′ 
|)

The red lines better mimic the full NLO EW calculation
YM, D. Pagani, and M. Zaro, 2409.09129
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Does EWSL fail?
Yes, sometimes… e.g. ZHH production 
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The mass suppressed  dominates in the large  and small  region 
v

mHH
pT(Z) mHH

YM, D. Pagani, and M. Zaro, 2409.09129
It also happens to VBF single Higgs production 
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EWSL fails!



Resuming the EW Sudakov Logs
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The negative cross sections are fixed
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HBR at the muC
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μ+μ− → tt̄Z(H) μ+μ− → W+W−Z(H)

μ+μ− → VV

The heavy boson radiation is not so large



Summary
• Multi-TeV muon colliders bring us more physics opportunities at the new 

frontiers, as a discovery machine/precision machine 


• The NLO EW is mandatory for the pheno studies at the muon colliders


• The EW Sudakov Logs can give good approximate for the NLO EW 
correction, but not always


• To cure the negative differential cross sections, resuming the EWSL is 
essential


• For the  process, the HBR tend to be smallμ+μ− → X
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