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Accuracy requirements for eTe™ — put Ty j PSI

_ N hard radiative corrections are vital!
photon lee = ppy QNLO] C [ee — ppu QNNLO)]

y ISC, FSC & mixed with full mass dependence
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Anatomy of the NNI_O calculation 5 P Ps
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first: focus on initial-state corrections for ete™ — v [v* — u 1] (ISR) >§)j:iv<




Anatomy of the NN!_C calculation

first: focus on initial-state corrections for e e™ — v [v* — "] (ISR)
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- divergent phase space integration

* numerical instabilities
4+ /dq>5 m 4o (\ - virtual amplitudes with finite masses
d « VP contributions
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Anatomy of the NN!_C calculation (FKS’ subtraction scheme ) é\j
\

first: focus on initial-state corrections for e e™ — v [v* — "] (ISR)

INE=Ye i= sl =N
I3 | [

divergent phase space integration
fos. 2 = o 5]

/ do >'< combine
complicated dlvergent corrections

-~ with virtual
and divergent | s numerical instabilities "™ Y = finite
subtract universal CT [Engel, Signer, Ulrich 19] | « virtual amplitudes with finite masses
unphysical cut parameter 0 < ¢, <1 « VP contributions
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Anatomy of the NNLO calculation  (next-to-soft expansion)

[Sara’s talk]

first: focus on initial-state corrections for e e™ — v [v* — "] (ISR)
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- divergent phase space integration
real-wrtual - numerical instabilities
— - EO
ﬁ E%éggi +E7[§§§E s}@ ]—|—0( 9

ﬁ . — —_— ——
/ expand for small £, and switch to eikonal LBK  soft function
approximation [Low 58; Burnett, Kroll 67] o : L g
- \\ [Engel, Signer, Ulrich 21: Engel 23] virtual amplitudes with finite masses
J%« = significant speed-up * VP contributions
<.




Anatomy of the NN!_C calculation

first: focus on initial-state corrections for ete™
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massless amplitude /
= convert 1/e — log(m?/Q?)
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[Engel, Gnendiger, Signer, Ulrich 21]

massification
constant —
2

based on SCET & method of regions \ works iff mg < si;
[Penin 06; Mitov, Moch 06; Becher, Melnikov 07] VP contributions

Cmassification) Q%M\Z
\

[Sara’s talk]
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— vy = ut ] (ISR)

virtual-virtual
+ ...
challenges:
- divergent phase space integration

* numerical instabilities
- virtual amplitudes with finite masses

universal . =

+ O(me)

massless



Anatomy of the NN'_O calculation (disperon QED) y PSI

first: focus on initial-state corrections for e e™ — v [v* — "] (ISR)

e[ e e @mﬁw&

- divergent phase space integration

« numerical instabilities
+ / d®s m + ... - virtual amplitudes with finite masses
* VP contributions

[Sophie’s talk] B % J

Cnot yet included) N




The main bottlenecks 5 PSI

real-real corrections for large /s . .
Larg \/_I ~ BES- & B-like scenario

K» numerical instabilities
= collinear subtraction? [Dittmaier et al. 08] _
Con our to-do |ISD ?




The main bottlenecks

real-real corrections for large /s . .
Larg \/_I ~ BES- & B-like scenario

k» numerical instabilities
= collinear subtraction? [Dittmaier et al. 08] _
Con our to-do |ISD ?

hard-collinear emission 6, — 0, i.e. m> ~ s., | ~ KLOE-like SA scenario

K» massification for virtual-virtual corrections breaks down y
= jettification [sara’s talk] — _
massive jet function .
unknown at 2-loop -
>*}:< — + O(me)

... but no problems for ~ KLOE-like LA scenario
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Results
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y 2 ~ hard-collinear

emission
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virtual corrections

= error, . dependence
(VV missing)
[Sara’s talk]
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Next steps -y PSI

full ete™ — p"p~y (ISC + FSC + mixed) with m? ~ m? < s;; up to NNLO

k» bosonic corrections: no theoretical showstoppers NLO solved (matrix
elements with full mass

current state @ NNLO: |ISC / = FSC / dependence from OL) p &

( é\/ \:\;
OL OL + NTS massification (m./m,,) 2 7
[Badger et al. 23] \/// %/
mixed: % oL % OL + NTS % massification (m. & m,)
amplitudes from

not yet included pp — 25+

[Badger et al. 23]
still missing: fermionic contributions W >&<
8
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Conclusions 5 PSI

- ISC / FSC at NNLO under control for m?,, < s;; \/

e/p

- results surprisingly large (?) (analysis not yet completed)

- full NNLO: first checks for RR & RV successful
- full ee — ppy at NNLO fairly doable in the limit m? ~ m”, < s;;
- However, ...
- numerical instabilities for BES- & B-like energies
- massification of virtual-virtual corrections does not work for hard-collinear emission

=- needs to be investigated further
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