Fixed Order EW Effects at Colliders

Davide Napoletano, Muon Collider Workshop, 03/06/2021
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Introduction

e EW corrections historically not the dominant contributions (QCD!)
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Introduction

e EW corrections historically not the dominant contributions (QCD!)

e However, in clean high energy lepton colliders they dominate

e In contrast to QCD corrections, they are often shape (energy) dependent
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The High Energy Logs

Denner, Pozzorini Eur.Phys.).C 18 (2001) 461-480

e Where do these logs come from?
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The High Energy Logs
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e Where do these logs come from?
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The High Energy Logs

Denner, Pozzorini Eur.Phys.).C 18 (2001) 461-480

e Where do these logs come from?
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The High Energy Logs

Bothmann, DN, Eur.Phys.J.C 80 (2020) 11, 1024

e EW Sudakov approximation

Keep only high energy limit logs!

KNLL(q))=1+ZAC:1+AW+AZ+ASSC+AE+AYuk+APR
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The High Energy Logs

Bothmann, DN, Eur.Phys.J.C 80 (2020) 11, 1024

e EW Sudakov approximation

KNLL((I))=1+ZAC=1+AW+AZ+ASSC+AE+AYM<+APR

do™® T N (@) = dP B (@) Kni (P) EWSud @ FixedOrder

dO’LO + NLL (resum) ((b) — d® B ((p) Kll;}eﬁlﬁm ((p) — d® B (@) 6(l—KNLL(<I>))

EWSud @ Resummed



The High Energy Logs

e EW Sudakov approximation

KNLL(q))=1+ZAC:1+Am+AZ+ASSC+A6+AYuk+APR
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The High Energy Logs

e EW Sudakov approximation

KNLL(q))=1+ZAC:1+Am+AZ+ASSC+A6+AYuk+APR

These logs can become quite large in the tail!
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Why not the full EW correction?

e Computationally tricky (especially in conjunction with QCD corrections)
Matching/Merging, N(?)LO corrections...
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Why not the full EW correction?

o Computationally tricky (especially in conjunction with QCD corrections)
Matching/Merging, N(?)LO corrections...

e What constitute a full EW correction? (Virtual/Real, both?)
Z/H/W tagging? What happens at high energies?

e How well the log approximation captures the full behaviour?
How large high energies need to be?

o Are there other valid approximations?
Including only Virtuals and integrated dipoles? (EWVirt)

Kallweit et al. JHEP 04 (2016) 021



Comparing the approximations
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Matching of EW and QCD (more logs)
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Resonances (more large logs)

e"e” transverse momentum ‘ ’”kl|
%-‘10_4%_11 l ‘ T 1 | T 1 ‘ T 1 | T 1 ‘ T 1 | T 1 ‘ T 1 | l ll_E L(‘I’kl‘,Mz)=L(S,M2)+21(S,M2)10g 'L<‘rkl ,S)
R b i ZZEWSud 5 S
N = —t— e'e u' u EWSud (clustered) - . a 5 Ty
T 106k — e'e 'y~ EWSud = L ( ‘ rkl‘aM ) = —log )
S = —+— ZZ EWSud (+subleading) - an M
107 g —+— eTe " u” EWSud (+subl., clustered)=
8 +— e"e " u"u~ EWSud (+subl.) o .
0" E = o But decay particles can form small rkl
10 7 £ =
10_10 é— _ _é ° [ ° [
ol 7 o Clustering helps solving this issue
143::}H:}H:I:HIHI{H:I:HTt_:ﬂ—e_ﬂ
Q 1.2 %— —é .
% g S — .= ¢ Need to be careful though, small pT jets can
S0 o8 F T T | : .
55 0.6 = suffer from the same issue
N —
0.2 :_I [ | ‘ L1 | | [ | | | | 1 | | [ | | | [ | 1 | [ | | | [ 1 | | || I_:.‘-

200 400 600 800 1.0-10° 1.2:10° 1.4-10° 1.6-10° 1.8:10° 2.0-10°
pT,ze [GeV]



Conclusions

e EW corrections can lead to large logarithmic effects in tails of distributions

e These become relatively more important the (QCD) cleaner the environment is

e Knowing at least the fixed order logs can help in providing approximations

e Given the particles being massive everything leads to a log!



