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Perturbative QCD

QCD collinear factorization: y=Y — Llog o
T
_ dx dx T, x2, Y, Pty ey X
dQQdept i ]2; q/ 1/ 2fi(m1,Q )f]( ? ) K (wlm b S)

o coefficient functions C;(x, y, pt, ..., s ) (observable-dependent, perturbative)

o parton distribution functions (PDFs) fi(x, Q?) (universal, non-perturbative)

Altarelli-Parisi (DGLAP) evolution:

dQ2 Z/ 7P7‘J z ae(Qz))fj(ngQ)

1=9,9

Q?

o splitting functions P;;(z, «s) (universal, perturbative)

PDFs at a given scale Qo + DGLAP evolution — PDFs at any scale Q
Strategy: fit f:(z, Q3) by comparing theory predictions to many data
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All-order resummation of enhanced logarithms

In general, perturbative coefficients contain logarithms of dimensionless ratios

L= {log(l —x), log %, log log(something else), }

Q2 ’
Sometimes, they are logarithmically enhanced:
Pij(z, os) or Cij (2, 4, pes ooy 1) = ao
+ as [a1L + bl]
[(IQLQ + b2 L + CQ]
+ aj [agLS —+ b3L2 +c3L + dg]
+ o [a4L4 —+ b4L3 —+ C4L2 +dsL + 64]
+ ..
If/when a;L ~ 1 the fixed-order expansion is no longer predictive!

Resum the logs, and convert to a “logarithmic-order” expansion:
grr(asL) + o gnin(as L) 4 a2 ganwn (s L) 4 o gyspp(asL) + . ..

Leading log (LL), next-to-leading log (NLL), next-to-next-to-leading log (NNLL)...
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Small-z resummation

20, ng=4, QMS
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Future plans for resummation

@ Phenomenology of small-x resummation
o Extension of small-z resummation to NLL (currently available at LL only)

o Combination of small-z resummation and threshold (large-z) resummation
(relevant for high rapidity, e.g. for the Forward Physics Facility at CERN)

Interplay of threshold resummation and heavy quark production
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Theory uncertainty from missing higher orders

Canonical approach: Scale variation: dependence on unphysical scales of a physical
observable at N"LO is of higher order

o) = Yol () utowiol) = Ol ™)
k=0

Canonical uncertainty: variation by a factor of 2 about a “central” scale 1o

Otrue & Onmo (o) £ uo/Qngl?ézuolcTN”Lo(M) — onmro(po)]

Which central scale po?
How much should | vary the scale?
How do | interpret the uncertainty?

Need for a statistically-sound definition of theoretical uncertainties,
which does not depend so much on arbitrary assumptions

Theory uncertainty from missing higher orders should be a probability distribution

First pioneering work in this direction: [Cacciari,Houdeau 1105.5152]

Marco Bonvini + Barbara Mele ENP meeting 6


http://arxiv.org/abs/1105.5152

Higgs in gluon fusion at LHC: probability distributions
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Probability distribution of the cross section: P(Z)

Higgs production in gluon fusion at LHC 13 TeV, myy = 125 GeV
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Geometric behaviour model

Yp=my/2
HR=mp/2
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Higgs in gluon fusion at LHC: probability distributions

Higgs production in gluon fusion at LHC 13 TeV, myy = 125 GeV
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PDF determination

Proton’s PDFs are fitted from data

parametrize
PDFs at initial
scale Qo

fix, 09)

evolve with
DGLAP to the
data scale Q

£, Ogura)

compute the
cross section

Otheo

—

compare with
actual data

2
(o-theo - o'data) =X

Improve determination of PDFs with improved theoretical description, e.g. with

resummation

Studies of PDF parametrizations

Muon’s PDFs can be computed perturbatively!

Essential ingredient for a muon collider.

Ongoing studies on impact of small-z resummation for a ~ 10 TeV collider.
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trilinear Higgs coupling at Muon Colliders |

2
1 mj,

2
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(95% CL, single-parameter fit) T. Han et al. arXiv:2008.12204
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ptp= — HHHUD, (V= ve, v, vy) |

m 1
VhZThh (1+33) M\ vh® + 4( +34) bt

pruT = WWr,p,
— HHHv,7,

o=2c + 0253 -+ 0354 + 045354 + C5(5§ + 0652 + 0753 + 085?%54 + 095§

HHHZ subdominant !
OHHHZ ~ 1/2 OHHHw @ 3TeV
~ 1/50 OHHHw @ 30TeV
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(N-Nsm)/VNsm ~1 vs (33,34) |

VBF—~HHH

arXiv:2003.13628
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with my reconstruction (10GeV)
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outlook

testing Higgs potential via Higgs self-coupling measurement
of paramount importance !

triple Higgs production only direct access
to quartic self-coupling

projections at FCC-hh can give few-% accuracy on A3
but only mild bounds on A4 (8A4/A4~10) at present

first indications that | colliders @10+TeV with

L~ 1035cm-2s-! might provide a A4 determination

with few-10% accuracy (8A4/As4~1)

=» = significantly better that other future projects !
physics bckgds expected mild (also for hadronic final

states) =» preliminary detailed simulations confirm !
optimal bckgd suppression requires good resolution in
M(jj) reconstruction !
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\fc ~ee p

hys. w. 7
- - - V u"e 201
ever since its discovery, the top quark has never b
produced and studied in such a clean environment
as the one expected in e*e- collisions

ete- collisions will almost allow to trace back
top-quark final states on an event-by-event basis

this will open the opportunity to look at details of

top production and kinematics that is unthinkable
in hadron collisions

(relevant strategies mostly still to be developed ...)

rare top decays is one of the (many) top physics
chapters that would widely benefit from such
spectacularly clean environment ! example =




inclusive searches for exotic t decays via recoil system

large variety
of exotic final states
(unexpected signatures “hard” at LHC !)
=» global analysis of a top
recoil system with a top-veto

positron ®, t electron
>

top-veto T
et

g Ecm(e"'e-) 2 350 GeV
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a) define criteria to tag
a Wb/Wj system
as a (SM) top quark

b) look for events containing

a top-system with

a veto on a 2" tag

(i.e. recoil system does not pass
the SM top-system criteria)

c) full simulation needed to
assess sensitivity ( <% o ?)

d) get model-independent
bounds on BR(top)extica !
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