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What is
BabaYaga@NLO?



25 years of BabaYaga

Disclaimer:
| was born after BabaYaga.
| will present what | learned

and contributed to

2001 - Improved PS 2011 - Dark Photon 2025 -¢Tet — 1t
C.M. Carloni Calame, Barze et al., E Budassi et al.
Phys. Lett. B 520 (2007) 16 Eur. Phys. J. C 71 (2011) 1680 JHEP 05 (2025)'196
2000 - BabaYaga 2008 - BabaYaga@NLO ¢ "e™ — yy 2019 -NLOEW eTe™ — yy
C.M. Carloni Calame et al,, Balossini et al., C. M. Carloni Calame et al,
Nucl. Phys. B 584 (2000) 459 Phys. Lett. 663 (2008) 209 Phys.Lett.B 798 (2019)

Al

2006 - BabaYaga@NLO 2018 2023
2001 for Bhabha at flavour factories | started studying | started the PhD
| was born Balossini et al., Physics working on BabaYaga

Nucl. Phys. B758 (2006) 227

2025 - New Physics in SABS
2004 - BabaYaga3.5 M. Chiesa et al..

C.M. Carloni Calame et al,, Phys.Rev.D 112 (2025) 1
Nucl. Phys. Proc. Suppl. 131 (2004) 48



QED beyond fixed order

Fixed order calculations
Increase precision in the
perturbative coupling expansion
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Coupling expansion in a”
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QED beyond fixed order

Logarithmic expansion in LY = N log O*/m?*

Due to the presence of large logarithms
also the log expansion is needed for L =log— ~ O(10)
high precision Me
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QED beyond fixed order

T

Coupling expansion in a”
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QED beyond fixed order
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Logarithmic expansion in LY = N log O*/m?
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QED beyond fixed order
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QED beyond fixed order

LL NLL NNLL

Logarithmic expansion in LY = N log O*/m?
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QED beyond fixed order

We want to stop in the a
expansion at some order

LO

NLO

NNLO
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QED beyond fixed order

LL NLL NNLL

Logarithmic expansion in LY = N log O*/m?

LO

NLO

We want to stop in the a NNLO
expansion at some order
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H.O.

But we want to resum
all the logarithms in a
calculable way
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QED beyond fixed order
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This can be done via
different approaches

LL NLL NNLL

Logarithmic expansion in LY = N log O*/m?

Structure functions E.A. Kuraev and V.S. Fadin, Sov. J. Nucl. Phys. 41 (1985) 466.
O. Nicrosini and L. Trentadue, Phys. Lett. B 196 (1987) 551.

YFS/CEEX  s.Jadach, B.FL. Ward and Z. Was, Phys. Rev. D 63 (2001) 113009
S. Jadach, W. Placzek and B.F.L. Ward, Phys. Lett. B 390 (1997) 298

Parton shower  c.Mm. carloni Calame et al., Nucl. Phys. B 584 (2000) 459
J. Fujimoto, Y. Shimizu and T. Munehisa, Prog. Theor. Phys. 90(1993)177
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QED Structure functions

Master Formula

ED ted don(x;X,5)
Sose enton | 0(9) = deldxzdyldyzjdﬂl)up 0)D(r,. QID(. QD (s, Q) —— =6 cuts
Convolution of SFs Hard-process

Cross section
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QED Structure functions

DGLAP Equation

0>~%_D(x, 0% —irﬁP (s")D (ﬁ QZ)
00?2 & 2 0 S S s"

Structure Functions (FS) are solutions of the DGLAP equation

/ rX

V.V.V.V +ij H(Qz,s’)d—fﬂ(s’,mz) +dyP(y)r’i(x—y)

\) Jo

SF generate all the emissions in collinear approximation
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51 )
Sudakov form factor

a [2ds' [
~ Jo

S1

Probability that the particle evolves from
virtuality §; to s, without emitting a photon

with energy fraction bigger thane = 1 — x,

Altarelli-Parisi splitting function (1 —x)E

1+z*2 E
)26a) =

Splitting of a particle of energy E in a daughter
of energy xE




QED PS algorithm

The Parton Shower (PS) algorithm is a Monte Carlo
exact solution of the DGLAP equation

dopd =Ti(e, 0 ) — |3
n=0

2
‘ /%%L‘ — %P(z) 10k) | Ay 2T
Energy spectrum Angular spectrum
Energy generated In the PS approach, you can generate
as the A-P splitting  the photon kinematics with p, # 0
] + 72 00 — - Pi-Pj 2
Ple) = 1 —z © ; L (p; - k)(p; - k) ’

1
!

2
dd

n

l1—e
I(e, Q%) = exp —;J dzP(z)JkoI(k)

1o
Sudakov FF

The eikonal function I(k) is exponentiated, as it gives the
same integral as of the PS kinematics

o 07
= CXP _2_71_ I_|_ l()g —2
m
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BabaYaga@NLO master formula

BabaYaga@NLO

o0 1 n
donyops = Fsyll(e, 07) Z P (HF H,i

n=0 =0
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BabaYaga@NLO master formula

O(a)

Soft+virtual

Real
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Exact NLO

virtual and real
corrections are exact

do

a

(1+C,) |4, dD,

| M | dD,

BabaYaga@NLO

o0 1 n
donyops = Fsyll(e, 07) Z P (HF H,i

n=0 =0
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BabaYaga@NLO master formula

O(a)

Soft+virtual

Real
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BabaYaga@NLO

Exact NLO

virtual and real
corrections are exact

do

a

(1+C,) |4, dD,

| M | dD,

n

— 1
donyops = Fsyll(e, 07) Z P (HF H,i
n=0

1=0

LL PS

virtual and real emissions
are approximated

LL
do,

(1+ € | ,y)” do,

| A | dD
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BabaYaga@NLO master formula

O(a)

Soft+virtual

Real
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BabaYaga@NLO

1
|

donops = Fsyll(e, 0%) Z —

n.
n=0

Exact NLO

virtual and real
corrections are exact

do

a

(1+C,) |4, dD,

W/ARY

LL PS Matched PS

virtual and real emissions In BabaYaga@NLO, the PS is matched with

are approximated the NLO calculation via the correction factors

do,™ donr ops

(1 + C;“L) | M, ‘2(1(1)0 Foy =1+ (Ca — C;“L) affects the normalisation
2 L |?

LR b - ly exact Matrix Element

| Ay ! f | 2 ny permutations of 1y ME

%%L ‘ Y P Y

dd, The phase space is exact at all orders
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QED beyond fixed order
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LL NLL NNLL

Logarithmic expansion in LY = N log O*/m?

LO
Zts Approach
E SF + NLO
NLO © a L o YFS + matching
L PS + matching
S CEEX + NLO
> L H L, L,
NNLO o —a“ L —a“ L —a
= 2 2 2
g
o | < |
O — "L T nLn—l
10 Yo Yo
n= n=
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Code

MCGPJ

BHWIDE, Sherpa
BabaYaga@NLO
KKMC



QED beyond fixed order

LL NLL NNLL

Logarithmic expansion in LY = N log O*/m?
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Theoretical error =
first missing term

~5%x107% =102
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QED beyond fixed order
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NNLO
matching



Status of BabaYaga

Process Order Accuracy
NLOPS QED
ete” - eTe™ OEW 0(0.1%)
O SMEFT
_ _ NLOPS QED
o ete” - utu 0 EW 0(0.1%)
[
e
_ NLOPS QED
g ete™ = yy NL8 E%/VQ 6(0.1%)
_ _ NLOPS QED
+ +
ce —ann °F (FxsQED, GyMD, Fsqep)  CW0-17%) @ oF;
% ete” > etey NLOPS QED
o
O
= ete” - utuTy NLOPS QED
<
o
S te — atay NLOPS QED

FF (FxSQED)
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SELENE T BT [ X0,
for luminosity

.




Luminosity measurements

“Luminosity converts events into cross sections”

Experimental

1 efP " acceptance
ere —
(fej_(p__)X:
ete e L '

Count of events in
certain cuts

At precision machines is important to
have a small luminosity uncertainty

Machine Luminosity

ex ex
00grp-x  O€ o ONEP . o
eXp o exp
Opte——X € Ne+e——>X L
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Luminosity measurements

At lepton colliders, the " 1 N,
Luminosity is measured I = | #dr = 0 Error Requests FCC/CEPC
through a benchmark process J € o
<107™*+107
At past, present and future colliders: 1
two alternative processes
Low background, ~ 10—5
clear exp. signature —
ete” — yy eTe” —> eTe”
D
— 44 ~/ 2 — 3 _
7> o] @(10 10 nb) <10 6
Large cross section
Di-photon Bhabha
A pure QED proceSS At Sma” aﬂg|eS, a 7 n Q2
QED process o) = (—) log”
T m2
Calculable at high precision
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Theoretical precision

i . i . : | | |
The size of radiative corrections has been studied in te+06 = T o psnios - 1od B =
. : i B NLOPS _ -
typical flavour factories setups 100000 ——gi - - NLoPS —— N
. Vs =1.02 GeV, Epin = 0.408 GeV, 20° < 6+ < 160°, Emar = 10° > 10000 | :g - - o) |
¢p-factories e =] E
B s =102 GeV, Epin =0.408 GeV, 55° < 0+ < 125°, €mas = 10° < L oL - i | ]
1000 E —
B-factories C V& =10GeV, Epin =4 GeV, 20° < 0 < 160°, &maa = 10° £ C 08 085 09 095 ]
D /s=10GéeV, Enmin =4 GeV, 55° < 04 < 125°, &maz = 10° 5 § 100 =
SowE _
1 = _
Correction vs Setup A B C D _ | | | |
0.8 0.85 0.9 0.95 1
_ M +.- (GeV)
0 0 el e
5, =0 1O 11.61 | -1472 | -16.03 | -19.57
0L0
5.1 = —NLOPS ~ ONLO 0.39 0.82 0.73 1.44 5PS ~ §
HO — ' ' ' ' HO — YHO
0L0
o _ -« The higher orders are added to the NLO
5Ps — JPS T OPS 0.35 0.74 0.68 1.34
= . . . .
0L0
O — oY non—log _, cnon-—log
gnon-log _ INLO — OPs 034 | -057 | -034 | -0.56 Oy~ 0y
0LO The missing NLO finite corrections are
y ONI OPS — OpS included
R -0.30 -0.49 -0.29 -0.46
0L0
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Tuned comparisons

At the ® and tT—charm factories

setup BabaYaga@NLO BHWIDE MCGPJ 6 (%)
vs = 1.02 GeV, 20° < ¥+ < 160° 6086.6(1) 6086.3(2) — 0.005
vs = 1.02 GeV,55° < ¥+ < 125° 455.85(1) 455.73(1) — 0.030
Vs =3.5GeV, |91 +9_ —7w| <0.25 rad 35.20(2) — 35.181(5) | 0.050
By BabaYaga group, Ping Wang and A. Sibidanov
At BaBar At KLOE S.Actis et al. Eur. Phys. J. C 66 (2010) 585
angular acceptance cuts | BabaYaga@NLO BHWIDE 0 (%) le+06 ;l _BHWIDE|—|BABAYAG|A ; 1oc|)| - | | —
15° = 165° 119.5(1) 119.53(8) | 0.025 | U FEr 7 P oo :
> -
40° =+ 140° 11.67(3) 11.660(8) | 0.086 | & :
50° + 130° 6.31(3) 6.289(4) | 0.332 | =™ :
60° = 120° 3.554(6) 3.549(3) | 0.141 | % 7} E
10 | _
By A. Hafner and A. Denig i
1 — ——

Tests shows an agreement at 0.1 % level, which is the
theoretical accuracy of BabaYaga@NLO
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BabaYaga at flavour factories
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NLO S
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LL NLL NNLL

Logarithmic expansion in L"Y = N log 1GeV~/ me2

©90%)

O(10%) 0(0.5%)

0(0.5%) ©(0.05%) ©(0.01%)
©(0.01%)

Size of Radiative corrections in a typical flavour-factory setup

Matter to the deepest 2025, Katowice

The theoretical error starts at O(a?)

donnio &

LL is correct
resumed in PS approach

NLL not exact
but part is captured by the product

of NLO non-log and LL

a2

Cllx Mg = — 2—ﬂl+ log Q°m?*

x non-log not under control
There is no approximation.
NNLO matching needed



Theoretical error

To quantity the theoretical error of BabaYaga, we can compare the exact NNLO versus the PS matched expanded

@ = 6 4 oo+ % b 6(a>
0" =0gy+O0gyytogy Vs BabaYaga@NLO O(a”)
’ TNr-1 o
) ‘M’ 4 "\A\.\_\_\\\\ photonic o .
3 e, fit s oo (Photonic) 5
2 2 e Heo e . x a“L
a 1+ e e o _ O-LO
Ogy oL =
‘L\/\/\/J‘ bo ;: o7 " | : a’ : o’
N P | ody(Penin) — 63,(BY@NLO) < 0.02 % oy
Photonic Fermionic]\gp =1 AP e il
- AT E TR N BN N R SRS R R Rl S i
A. Penin, PRL 95 (2005) 010408 Eie—lO le-09  1e-08 1e-07 1e-06 1e-05 1le-04 0.001  0.01
Nucl. Phys. B734 (2006) 185 m. (GeV)
\/g OBY S 4+ — [%0] Sle [%0] Shad [%0] Stot [%o]
el e p
AL 4> KLOE 1.020 NNLO -3.935(4) -4.472(4) 1.02(2) -3.45(2)
— BB@QNLO 455.71  -3.445(2) -4.001(2) 0.876(5) -3.126(5)
2 BES 3.650 NNLO -1.469(9)  -1.913(9) -1.3(1) -3.2(1)
a —4
oy BBANLO 116.41 -1.521(4) -1.971(4) -1.071(4) -3.042(5)  OOp,irs ~ 10
BaBar 10.56 NNLO -1.48(2) -2.17(2)  -1.69(8)  -3.86(8)
BB@QNLO 5.195 -1.40(1) -2.09(1)  -1.49(1)  -3.58(2)
Photonic f # ¢  Real pairs Belle 10.58 NNLO -4.93(2) -6.84(2) -4.1(1) -10.9(1)
BB@QNLO 5.501 -4.42(1) -6.38(1)  -3.86(1) -10.24(2)
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Carloni, Czyz, Gluza, Gunia, Montagna, Nicrosini, Piccinini, Riemann et al., JHEP 1107 (2011) 126
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SELENE T BT [ X0,
at future colliders




FCC luminosity with e e™ — yy

Comparison of digamma and Bhabha luminometry at FCC-ee

At least two photons

\/s = 91,160,240,365 GeV 20 < 6, < 160
E > 0.25\/3
(LG T T | I I I
0.3 ’J\ Apwk = (oRwk — 9QED) /0~ 1
0
X _03 | ]
—0.6 -
09 | — with cuts |
| | | | l |
100 150 200 250 300 350
Vs (GeV)
1 - | | | ;xxxxxxxxxl | | | |-
0.5 |- Xxxxxxxxxxxxx ) XXXXX XXX X % % XXxXXXXXXXXXX i
O xxxXXXXXxxXxXx ................................ xxxxxxxxxxxxxx
o'_i).5 — xxxxxxxxX xxxxxxXxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx xxxxxxxxx _
-1 xxxxxxxx xxxxxxxx n
—1.5 F xxxxx X X xxxxx —
2 " 91 GeV  x 240 Ger xXXXXXXxxxxxxXXXXXXXXXXX e
N < 160 GeV x 365 GeV |
_2.5 — | | | | | | | | | | —
0 20 40 60 80 100 120 140 160 180

0 (deg)

Relative effect of ElectroWeak corrections vs QED
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Vs (GeV) || LO (pb) NLO (pb) w h.o. (pb) Bhabha LO (pb)
91 39.821 | 41.043 [+3.07%] | 40.870(4) [—0.43% 2625.9
160 12.881 | 13.291 [+3.18%] | 13.228(1) [—0.49% 259.98
240 5.7250 | 5.9120 [+3.27%] | 5.8812(6) [—0.54% 115.77
365 2.4752 | 2.5581 [+3.35%] | 2.5438(3) [—0.58% 50.373
100 3 ete” = vy « 91 GeV —240 GeV — E
i Q—wo GeV —365 GeV —
0|
’%3 [
A
o 1 -
R
3
501 ¢ :
0.01 ~ E
20 — , ; | 1
16 |- o
- 13: R=do.f, , [dogRupna . :
4 i xxxx"xx * ;
0 sy X X % X X X
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New Physics in SABS?

Standard Model New Physics

n 2
o ( a ) oo 2 Sonp  2Re Mg M p
O — — O —2 X 5
& e OsM | M sm |
From the SM side you need Monte Carlo Generators New Physics d.o.f. could contaminate the SABS
able to simulate collisions at this level of precision At what level?
5 FCC
o
2 <10
o
SM th
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nght New PhYSiCS Anp < Agy

We rely on specific model with assigned spin and parity

(Pseudo)scalar ALPs ALP mixing with photons Dark Vectors
— . 1 [ Uy I | 5 A M ! = 1%
8.0 (€1yse)a Zgaw(FﬂvF )a gy (e;/ e) V,+ g€ (;/ ;/5) eV,
/v/g{: X17
(8o ™y) =~ (3% 107°,1 GeV) 8ayy = 2% 107*GeV™! (g, My) ~ (3x 1071 GeV) (6 x 107,17 MeV)

The LNP contribution is negligible at 107 level
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Heavy New Physics [Aw > Agw

The most comprehensive way to consider HNP The deviation is computed taking into
effects is the SMEFT framework account correlations between WCs
C A __1 (6) 6)1/._(6)
_ 6 —4 0+ Ao =—V|0 0" X c."’V.o.
ZsmerT = ZLsm Z A_12\1P0§ )+ O(Axp ( JSMEFT o ; iU
l

Deviations in couplings
Future Colliders scenarios taken from EPPSU inputs

/

EXp. [Hmin, Hmax] \/g [GeV] (5 I /\5)SMEFT AL/L
91 (—4.2+1.7)x107° <107*
AgLx# 0 §=8sm+Ag roC (3o age] 160 (—1.3£0.5) x 10~
3.7, 4.97] 240 (—29+12)x107* 107*
365  (—6.7+2.7) x107*
L —4
New interactions ILC  [1.7°,4.4°] ggg E:}LS N (l)g; : 18_4 <107°
Four fermion operators —3
o o 1500 —9.7+£3.9) x 10 _
absent in the SM CLIC [22°,7.7°] 4,00 E_4.2 n 1.75 L 10-2 <107
C;;
]
Z SMEFT 2 Z ATNP(BZ'VM%) (ejyuej>

i
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Heavy New Physics: Results

x10~° FCC
- O-
£
=
=,
<3
_91
4
— 01 GeV
=61 160GeV
240 GeV
365 GeV
_8-

4.0
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45

6 |deg]

0.0+

—0.21

—0.4 7

—0.61

—0.87

—1.0+

—1.2-

x 104

ILC

— 250 GeV

500 GeV

6 |deg]

64]‘ — {Cll’ Cle’ Cee}

4 termions WCs impact
the luminosity in a non-
negligible way
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0.00 -

—0.29 1

—0.90 -

—0.75

—1.00

—1.257

—1.50 1

x 102

CLIC

— 1500 GeV

3000 GeV

4

0 |deg]




Alternatie Scenarios

Z peak runs — FCC-ee
We use the FB asymmetry as a function of 4 /s,

Z C; | (05— ap)” - (op + og);" _ AARg 4

Py Agp | (6r—o)sm  (6p + 0B)sm Afg.o
- -

9

To fit the three WCs we can use three points

x 1073
=8
< 41
2
- 0% /51 = 89GeV
—2] — \/S_z = 93 GeV
_4-
s. = 98 GeV
V5
80 100 120 140 160

Vs |GeV]

In 6 months of run on every point

ACy <107 ==Pp  Sqyppr < 107

francesco.ucci@pv.infn.it

250 GeV run — ILC

For polarised beams A; » is not sensitive to all WCs.
We propose another polarisation asymmetry

do(P,+,P,.) —do(P,.,— P,-)
dG(Pe+, Pe—) + dO'(Pe+, — Pe—)

A7 (P, c0s0) =

Up-down asymmetry

' O_><1o—2 x10~? x10~7

4 4 - 1071 x Air
0.5 At
2" 2"
0.5 21 2
_4- _4_

—1.01__ | | | | | | | |
—2 0 2 —1 0 1 —2 0 2
Cy x1073 Cle x 1072 C x1073

We calculate the 68% CLs using

N2

(4% = A8(Cp)
7= .
(AAL 2

a=1 0

=P Sqyprr < 1077
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BabaYaga@NLO
and the pion form
factor



The pion form factor

The Pion FF is a key quantity to determine the (g — 2)/4

o _ @ J’ > ds K(s) < a(s) o(ete™ — hadrons))

% 2 +p— + =
Ll FRERE 3 olete = putu~)
a [ ds 2 )
e ) s

In scan experiments, the PionFF is given by the ratio

O A
‘F ‘2 — Nﬂ+ﬂ_ Abg ] . Opte-* (1+ e+e‘) " Epte-
" N, ete~ Gy(t)+7r— ) ( 57t+7z—) "t

0_+__ Radiative corrections are estimated via MC

“rtr Also the acceptance has a MC dependence via the
charge asymmetry

odd _ __odd
ANLO = ALO 4 By g 2 (28— OF
FB = FB FB =

T T oNLO
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The pion form factor

The Pion FF is a key quantity to determine the (g — 2)/4

The FF has to be modelled due its non-perturbative nature

* ds
—K(s)

m2 S

HLO _ a(s) o(ete™ — hadrons)

o(ete” = putu~)

d
TSK@)ﬁ,% |F(s) % £(s)

In scan experiments, the PionFF is given by the ratio

N,
N,re-

L e+e—) Eote-

5ﬂ+ﬂ—) * Et -

i

Radiative corrections are estimated via MC

Also the acceptance has a MC dependence via the
charge asymmetry

5NLO

a
NLO _ 4LO _
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Factorised sQED — The FF is attached to virtual
amplitude as to cancel infrared divergences

GVMD — A model based on the mixing of the
photon with light resonances

n, 1 n, A2
FBV(4?) = Z FBY(g?) = — Z e v :
v=I ¢ — 4

v

v=1

FSQED — Relies on the analytic properties of the
FF, written via a dispersion relation

2(® ds’ ImF (s’
iy =1+L [ &1
T g2 S s'—q* —ie




Numerical results

We studied the impact of Radiative corrections and of the
form factor approach in a typical scenario

pt = |pT| > 0.45E,

1
Vavg = 5(%—19+—|-19_) cl,m—1],
69 = |9 +9~ — 7w <0.25,
5p = ||¢pT — ¢~ | — 7| <0.15,

Radiative corrections FF approach
ONLO — OLO
KNLO — > ; [’”( _ doFrr doFactorised
LO T\ dYavg dYaye

ONLO — OISR
KFsSR+1FI ,
OLO

ONLOPS — ONLO
KHO )

OLO
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Charge asymmetry

Op — Of

AFB —
GB -+ GF

Being a pure NLO effect, this observable
IS a test of the modelling of the FF

We proved that, up to parameterisation
differences, the two approaches are
equivalent
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Radiative return

Flavour factories can measure the Pion FF also by radiative return, i.e.
when the CMS energy is reduced by the emission of an ISR photon

. . _|_ —_— _|_ —
There are just two MC: Phokhara and AfkQED. Normalisation e"e™ — [T[7y

Signal ete” > atn Ty
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Radiative return

Flavour factories can measure the Pion FF also by radiative return, i.e.
when the CMS energy is reduced by the emission of an ISR photon

. . _|_ —_— _|_ —
There are just two MC: Phokhara and AfkQED. Normalisation e“e™ — [T[7y

Signal efe” > atn Ty
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Radiative return

Flavour factories can measure the Pion FF also by radiative return, i.e.

. I _|_ —_ _|_ —
when the CMS energy is reduced by the emission of an ISR photon Signal e’'e — 7y

. . _|_ —_ _|_ —
There are just two MC: Phokhara and AfkQED. Normalisation e“e™ — [T[7y
KLOE-like Small Angle KLOE-like Large Angle
0-<15° or 6> 165°, 50° < 9% < 130°, E, > 20MeV and 50° < 6, < 130°,
0.35GeV2 < M2, < 0.95CeV?, p%| > 90MeV or pi > 160MeV, IpZ| > 90 MeV or p1 > 160 MeV and 50° < 0% < 130°,

0.1GeV? < M%, < 0.85GeV?,
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e > rntny abaYaga@NLO e e - nry o]
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What's next?

Radiative Processes

©® eTe” — XXy at NLOPS accuracy

In progress:
—— NLOPS accuracy in all channels
—— Pions with tfactorised approximation

—— Improving technical performance

Goals:

—— Provide an independent tool to estimate
theoretical uncertainties

Next-future:

— Include GVMD and FsQED approaches
in the radiative 777~y channel

—— Estimate the uncertainty due to Fﬂ(qz)
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What's next?

Radiative Processes

©® eTe” — XXy at NLOPS accuracy

In progress:
—— NLOPS accuracy in all channels
—— Pions with tfactorised approximation

—— Improving technical performance

Goals:

—— Provide an independent tool to estimate
theoretical uncertainties

Next-future:

— Include GVMD and FsQED approaches
in the radiative 777~y channel

—— Estimate the uncertainty due to Fﬂ(qz)

Hadronic channels
® cte” - KK, K'KY at NLOPS accuracy

Future plans:
____Achieve NLOPS accuracy also for
other relevant hadronic channels
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What's next?

Radiative Processes Luminosity
©® eTe” — XXy at NLOPS accuracy @® e — yy NNLO pair corrections
In progress: In progress:
—— NLOPS accuracy in all channels __ Compute exact NNLO QED virtual and real

pair corrections via dispersive methods

—— Pions with tfactorised approximation |
— For now, at low energies

—— Improving technical performance

Goals: Goals:

—— Provide an independent tool to estimate — Add also hadronic pairs

theoretical uncertainties
Next-future:

—— Include Z exchange for pair corrections

—— (Calculate NLO SMEFT corrections for
FCC-ee luminometry

Next-future:

— Include GVMD and FsQED approaches
in the radiative 777~y channel

—— Estimate the uncertainty due to Fﬂ(qz)

+ - L
Hadronic channels ® c'ec — X forluminosity

_ Future plans:
O e - K; K, K°KY at NLOPS accuracy —— NNLO matching with ISR

Future plans:
____Achieve NLOPS accuracy also for
other relevant hadronic channels
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What's next?

Radiative Processes Luminosity
©® eTe” — XXy at NLOPS accuracy @® e — yy NNLO pair corrections
In progress: In progress:
—— NLOPS accuracy in all channels __ Compute exact NNLO QED virtual and real

pair corrections via dispersive methods

—— Pions with tfactorised approximation |
— For now, at low energies

—— Improving technical performance

—— Provide an independent tool to estimate — Add also hadronic pairs

theoretical uncertainties
Next-future:

—— Include Z exchange for pair corrections

—— (Calculate NLO SMEFT corrections for
FCC-ee luminometry

Next-future:

— Include GVMD and FsQED approaches
in the radiative 777~y channel

—— Estimate the uncertainty due to Fﬂ(qz)

+ - L
Hadronic channels ® c'ec — X forluminosity

_ Future plans:
O e - K; K, K°KY at NLOPS accuracy —— NNLO matching with ISR

Future plans:
____Achieve NLOPS accuracy also for

other relevant hadronic channels + much more for the next years!
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