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Previously on "Making Predictions"...
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The Drell-Yan process
We saw last time that a leading order (20) prediction in QCD is often

notsufficientfor precision phenomenology
=>we want to go to the nextorder!

Wix diagrams with us!
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Divergences in Loop Diagrams
QM tells us that we have to sum over all intermediateconfigurations
=>need tointegrateover the unconstained loop momentum my st

① ultraviolet (UV) au large loop momentum -> treated by renormalization <s(MM)

& infrared (IR) ax soft and/or collimar -> requires real emission contribution
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Cancellations ofDivergences ↑ E this propagator contains

-Let's look at this sub-diagram ⑧-e⑳
⑭

Cappears both in the virtual & real contribution) W EaE(1-cosO)I-Pa-R ⑳⑧
=>potential divergence whenv

(a)Aninal"(loop) corrections give
(a) gluon "soft": E -0
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this is absorbed as partof the "NLO PDF"
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The Drell-Yau process at higher orders
theory uncertainties

*missing higher orders
we have (in principle) arbitrary
scales in our predictions:

<s (MR) & falX, ME)

varying them induces togarithmic
terms bend the order we computed
typically varied by factors (2,2]

*parametric (2s(Mz), ...) (notincluded)
*0(9)

*PDFuncertainties (notincluded)
·
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The stateof the artin Fixed Order

*Lo

almost any process

*NLO

most processes
(up to 2- 8)

*NNLO

2->2 done,

first 2-3

* NPLO

2 -> 1



Events at hadron colliders look more complex

why?Any chance to compute this with whatwe did so far?(demo:diags]



The QCD emission pattern
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The QCD emission pattern
me
g(E) (cYs ite

⑭ #

of gluon

⑪1-x * derx-x+q S⑧ 1-7- X

callinearI .............
/soft a ↳

enhancedE(1-si
->anemergentfeature of QCD

tic partons① high energe
hard scattering

Y



The QCD emission pattern
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The QCD emission pattern
me
g(E) (

=CF
=Yz if x=q

# =CA =3 if X =g
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The QCD emission pattern
me
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The QCD emission pattern
me
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=>infactorizes!

Integral over E20 diverges was introduce a scale q2> Q
->emission "resolved"
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potentially a very large log iswill wanttoresumprobabilityto emit these to all orders
a resolved gluon =a02GV] => en(...) =01i)



Parton Showers

*We wish toaccountfor an arbitrary number of emissions
ordered in our resolution variable 0239,92....) Q8 (strong ordering)

*current scale as probabilityto have nextemission & qut?

***pobability of having II to emissions anqin" (mission)
- -

Sudakov from factor
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Full event generator



Conclusions

* covered basic ingredients that goes intohadron-collider predictions
** a key idea: separation of scales ("Factorization" (

*Momentof comparing your predictions to data always exciting
I learn toplay with the tools; break them (often interesting physics)

*Hope was able tolower the fear ofentry for some of

you, as itis sometimes percieved as very technical

↳Pushing the frontiers in precision can become arbitrarily complex

new ideas needed (maybe one of you?)

Thankyou foryour
artattention& pricipation!


