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Current Situation, Related to LEP

LEP update 2018(2019)

(d) Light pairs

(e) s-channel Z-exchange
(f) Up-down interference
(f) Technical Precision

Type of correction / Error | 1999 Update 2018

(a) Photonic O(L.0t*) 0.027% [5] 0.027%

(b) Photonic O(L} o) 0.015% [6] 0.015%

(c) Vacuum polariz. 0.040% (7.8 [0.013% (0.011%(]]))

0.030% [10]
0.015% [11,12]
0.0014% [27]

0.010% [18,19]
0.015%
0.0014%
(0.027)%

Total

0.061% [13p

L’D__Qg 8%)_ {_C.C 37%( .“.U )

JJ <-->Janot and Jadach, Phys. Lett. B 803 (2019) 135319
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Current Situation, Related to LEP

e Implied Upgrade of BHLUMI
under Review in US DOE OHEP
Funding Program

e Recent Work by Banerjee et al,
PLB 820 (2021) 136547, contacts

Type of correction / Error Update 2018 FCCee forecast
(a) Photonic O(L}o*) 0.027% 0.6x107°
(b) Photonic O(L2a.*) 0.015% 0.1x10°*

(¢) Vacuum polariz. 0.014% [25] 0.6 x 107

(d) Light pairs 0.010% [18,19] | 0.5 x 107*

(e) Z and s-channel y exchange | 0.090% [11] 0.1x107*

(f) Up-down interference 0.009% [27] 0.1x10°*

(f) Technical Precision (0.027)% 0.1x10°*
Total 0.097% 1.0x10°*
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Current Situation, Related to LEP

Contents lists available at ScienceDirect

Physics Letters B

www.elsevier.com/locate/physletb

Bhabha scattering at NNLO with next-to-soft stabilisation

Pulak Banerjee®, Tim Engel *"*, Nicolas Schalch®, Adrian Signer*F, Yannick Ulrich

3 Paul Scherrer Instiru, CH-5232 Villigen P, Swiczerlond
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© Alber Emsrem Cenver for Fundamentl Fysics, Instiauy fur Theorerische Physi, Universicds Bern, Sidlersrosse 5, CH-3012 Bern, Switzerland
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ARTICLE INFO ABSTRACT

Arride hisory: A critical subject in fully differential QED calculations originates from numerical instabilities due to
Received 21 June 2021 small fermion masses that act as regulators of collinear singularities. At next-to-next-to-leading order
Received in revised 'UL"” 12 july 2021 (NNLO) a major challenge is therefore to find a stable implementation of numerically delicate real-

e o Ty 2o virtual matrix elements. In the case of Bhabha scattering this has so far prevented the development
Eaeor A, Fingeaid of a foted-arder Monte Carlo at NNLO accuracy. In this paper we present a new method for stabilising

the real-virtual matrix element. It is based on the expansion for soft photon energies including the non-
universal subleading term calculated with the method of regions. We have applied this method t Bhabha
scattering to obtain a stable and efficient implementation within the MCMULE framework. We therefore
present for the first time fully differential results for the photonic NNLO corrections to Bhabha scartering
© 2021 The Authors. Published by Elsevier BV. This is an open access article under the CC BY license
(http:jjcreativecommans.org/licenses/by/4.0]). Funded by SCOAPS.
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Current Situation, Related to LEP

References on Virtual Correction to Bremsstrahlung at O(oL)
. S.Jadach et al., Phys. Lett. B 377 (1996) 168.

. S.Jadach et al., Phys. Lett. B 450 (1999) 262.

. S.Jadach et al., Comput. Phys. Commun. 70 (1992) 305.

. S.Jadach et al., Comput. Phys. Commun. 102 (1997) 229.

. S.Jadach et al., Acta Phys. Pol. B30 (1999) 1745.
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Current Situation, Related to LEP

Comparisons:
1. Exact O(a?L) => O(a?/m?) ~ 5.4 x 10%is missing
2. BaBaYaga vs Banerjee et al. :
E,in = 408 MeV, 20° <0, < 160°, {pae = 10°
Agreement: 0.07% (technical?)
Soft expansion: ImeM, =EM® + el + ..\
next-to-soft term

BAYLOR

B.FL.Ward | FCC2022



Current Situation, Related to LEP

Comparisons:
1. BHLUMI: O(0i2L) term implemented => O(a?/n2) is missing in 8, Bl
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Current Situation, Higher Energies

Higher Energies and/or Different Acceptances:

Muochine By — 8, (mmrad) JE (V) ifs LT IGEY)
LEP 850 Mr 15 x 104 1.
O o B B M 13.7 x 10— i4a7
PO e (S ash 13.7 = 10— 130
1L il-m 500 60 104 122
1L - 10400 &0 = 1074 M4
CLIC o 3000 13.0 x 10— 108

=> Different +
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Current Situation, Higher Energies

Higher Energies and/or Different Acceptances: Generalizing
our FCCee analysis to higher energies, we get

L 500 schup

Type of cormoction/orror Updatc 2009 Forooast

{a) Photonic [0 Lo LI}  0.033% 013 = 104

(b} Photanic [O(Lla)] O0Lix®)  0.008% 0.27 = 104

{c) Vacuum polasiz. 00F2% [34] 1.1 = 104

{d) Light pairs O.010% [T] 04 = 104

{e) Z and s-chonne] ¥ exchange 0.5% (0.065%) 1.0 x 104

() Up-down imeriorence O.004% [13] ol 10F

{g) Techmical Precision JOLDTTR] ol = 14 BAYLOR
Todal 0.5% (0.0TE%) 1.6 1079 ZaT
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Current Situation, Higher Energies

and the forecasts

Fomecast

Type af comectioniemor FCC e 1LCme CLIC 3
() Photonic O(L2a™) 013 = 104 015 % 104 0.200% 10—
(b) Photonic OLat) 027 x 10 0.37 x 104 0.63 x 10—
{c) Vacuum polariz. 1.1 10* 1.1 = 1074 1.2 % 1074
{d) Light pairs 0.4 104 0.5 % 1074 0.7 = 1074
{c) & and s-chanme] 3 cxchange 1.0 2 10300 24 % 1079 16 = 10
{f) Up-down interference 0.1 = 104 w01 = 104 0.1 = 104
Total 1.6 = 10—* 27w 1078 16 = 10*

(no technical error included).
Summary: We need financial support!
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