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NLOPS accuracy
(NGO

Exact calculation up to O(«) w.r.t.
the born scattering amplitude.

@ Virtual corrections

i

@ Real corrections
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NLOPS accuracy
(NGO

Exact calculation up to O(a) w.r.t.
the born scattering amplitude.

@ Virtual corrections

S =<

@ Real corrections
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LL resummation

Approximate calculation of
soft-virtual corrections to any order.
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NLOPS accuracy ()5

Mo WLl resummatior

Exact calculation up to O(a) w.r.t.

' - Approximate calculation of
the born scattering amplitude.

soft-virtual corrections to any order.
@ Virtual corrections

@ Real corrections

NLO+LL (NLOPS) accuracy

_ = _ pLL 1 x|?
dowcors = Y exp{~CE"}Fsy — [M3| a@a({p}, {K}).

n=1
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LL apprOX|mat|on (NP B%‘Xﬁi‘”

[e)

1 2
dorors = > (e, Q%) = |MX[" d®u({p}, {k})
— n!
where
e MN(e, Q?) is the Sudakov Form factor where ¢ is the soft-hard
separator.

e MY stands for M for n=1,2 and ML for n > 3.
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LL apprOX|mat|on (NP BPAXSFE”A

[e)

1 2
dorors = > (e, Q%) = |MX[" d®u({p}, {k})
— n!
where
e MN(e, Q?) is the Sudakov Form factor where ¢ is the soft-hard
separator.

e MY stands for M for n=1,2 and ML for n > 3.

}MLL|2 - n—2 gP(Z)-Z (k Z') m ‘MEX({...} {/;})‘2
n = I | *271_ i) LSE\Ri, £j z: 2 2 Py,
i— ! v
1 etem —XXyy
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LL apprOX|mat|on (NP BPP'X%E”A

If we define
: )
= Ti(k) = Z iy —n kg
ij=1 ij=1 (p k k)
then
Isp(k, ) = Z - Fij(k, z)
where

(1-2)°
Fij(k,z) =1- 5--? i = fermion
1 i = scalar.
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LL approximation (NP BPAXSFE”A

If we define
: )
= > ZLyk)= > nmj K2
then
Isr(k,z) = Z )- Fi(k, 2)
where
(1-2? . .
FU(kvz):l_(sijﬁ i = fermion
Fi(k,z) =1 i = scalar.

REMARK: In the limit k - p — 0 we correctly reproduce the massive
unpolarized splitting function of S. Dittmaier, hep-ph/9904440
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Matching at NLO <R B%‘Xﬁi‘“

dofy = [1+ Corr] IMS|? Ay + |IME|? dD,

do® = [1 4 Co] IMSX” APy + |MSK|* dd,
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Matching at NLO <R BPP'X%E”A

dofy = [1+ Corr] IMS|? Ay + |IME|? dD,

do® = [1 4 Co] IMSX” APy + |MSK|* dd,

@ The hard contribution |/\/12|2 is already exact.
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Matching at NLO <R BPAXSFE”A

dofy = [1+ Corr] IMS|? Ay + |IME|? dD,

do® = [1+ Co] IMT* d®y + |IMSF|* A,

@ The hard contribution |/\/12|2 is already exact.

@ To match the exact NLO soft — virtual correction we introduce
Fsv =1+ (Co —Co,LL)

The master formula for NLOPS accuracy reads

oo

donrops = Z H(&QQ)FSV% |M§‘2 d®,({p}, {k}).

n=1
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NNLO comparlson (analytical) — (inen  (@)aum

Considering the inclusive case over photon angles, V.S. Fadin and R.N.
Lee (arxiv:2308.09479) provides the full expression for the NNLO
SS+SV+VV correction for the process et e~ — y*(ISC).

doeersvive = cotc1Ltcal® +esL® +cyLy,+esLLy, +c L2 Ly +erL2 4+-cg LL2 4-co L2,
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NNLO comparlson (analytical)  (ineN (@)3uee™

Considering the inclusive case over photon angles, V.S. Fadin and R.N.
Lee (arxiv:2308.09479) provides the full expression for the NNLO
SS+SV+VV correction for the process et e~ — y*(ISC).

doeersvive = cotc1Ltcal® +esL® +cyLy,+esLLy, +c L2 Ly +erL2 4+-cg LL2 4-co L2,

@ A comparison with the O(a?) expansion (w.r.t. the radiative
process) of the master formula for the 1y sample shows the
following.
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NNLO comparlson (analytical) (et (@)aum

Considering the inclusive case over photon angles, V.S. Fadin and R.N.
Lee (arxiv:2308.09479) provides the full expression for the NNLO
SS+SV+VV correction for the process ee™ — vy* (ISC).

dossisvivy = cotci1ltcaL? el +ealy+esLhy4cs Lo Ly +cr L2 +es LS 4-co L°L2

@ A comparison with the O(a?) expansion (w.r.t. the radiative
process) of the master formula for the 1y sample shows an
agreement at the level of O (a2 L)
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NNLO comparlson (analytical)  (neN (@)3nes™

Considering the inclusive case over photon angles, V.S. Fadin and R.N.
Lee (arxiv:2308.09479) provides the full expression for the NNLO
SS+SV+VV correction for the process ee™ — vy* (ISC).

dossisvivy = cotci1ltcaL? el +ealy+esLhy4cs Lo Ly +cr L2 +es LS 4-co L°L2

@ A comparison with the O(a?) expansion (w.r.t. the radiative
process) of the master formula for the 1y sample shows an
agreement at the level of O (a2 L)

@ Virtual corrections on the 2y sample are correctly reproduced in the
soft limit, due to YFS theorem.
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Tuned comparison - E, NN (@)

Scenario KLOE-LA @ 1.02 GeV

—— BABAYAGAQNLO
—— PHOKHARA
—— McMuLE

1.0047 —— Ratio to PHOKHARA
— Ratio to MCMULE

1.002

1.000

Ratio

0.998

0.996
arxiv.org/abs/2410.22882 0 100 200 300 400
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. @ A
Matrix element for n > 3 CONeN ()

Scenario B with 2 additional photons with E, > 100 MeV (Tree-level)

3y RECOLA
37 BABAYAGA

= —1.000
0.995

200 400 600 800 1000 1200 1400
My, [MeV]

x10~°

3y ALPHA
37 BABAYAGA

ALPHA arXiv:hep- ph/9507237 - 3096.7 3006.8 3006.9 3097.0 3007.1

RECOLA arxiv.org/abs/1211.6316 M, MeV]



e (@)
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KLOE scenario - M,,,,

e (@)
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: > ~
SIlI-B scenarios - M,,,, B%‘Xﬁi‘”
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BESIIT

—— BaABAYAGAGNLO
—— McMULE
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SE +" Data/PHOKHARA
I R (A Data/ArQeo
1.05|

o E: >4GeV and 0.35 < 0, < 2.4 rad Z:*' ‘:ni” {ﬁﬁiﬂ”i

@ p;. >0.1GeV and 0.4 < 01+ < 2.45 rad 08

Ratio / (25 MeV)

S L wry(y)
@ My, <1.4GeV and 0.6 < Mrr < 0.9 GeV 2 109
- S B o ++H++++‘f++i
@ pgc missing momentum with Ej. > 200 MeV g 09 e ,meﬁwwi#
o« b
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Summary and Outlook )t

@ Multiple photon contributions are in general important for radiative return
experiment.
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Summary and Outlook G BPP'XSFAS”A

@ Multiple photon contributions are in general important for radiative return

experiment.

@ Relevance of NLOPS MC event generators.
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Summary and Outlook G BPP'XSES”A

@ NLO Phenomenology

@ Multiple photon contributions are in general important for radiative return
experiment.

@ Relevance of NLOPS MC event generators.
NLOPS vs NNLO = Assessment of theoretical uncertainty

@ The BabaYaga@NLO updated version for ppy and wry is available on
github.com/cm-cc/BabaYagaNLO.
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Summary and Outlook G BPP'XSES”A

@ NLO Phenomenology

@ Multiple photon contributions are in general important for radiative return

experiment.

@ Relevance of NLOPS MC event generators.
NLOPS vs NNLO = Assessment of theoretical uncertainty

@ The BabaYaga@NLO updated version for ppy and wry is available on
github.com/cm-cc/BabaYagaNLO.

o Future developments
e eey at NLOPS accuracy.

o NNLOPS matching for 2 — 2 processes

I e
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Scenarios Strong2020

(a) KLOEI Large-Angle scenario
V5 = 1.02GeV
50° <9y < 130°
[pi| > 90MeV vV |pi| > 160 MeV
50° <4, <130° A E, > 20MeV
0.1 GeV2 < M%y < 0.85GeV?

e (@)

(b) KLOEII Small-Angle scenario
Vs =1.02GeV
50° <94 < 130°
[pZ]| > 90MeV V |pf| > 160 MeV
05 <15° Vv 05 > 165°
0.35GeV? < M2y < 0.95GeV?

(c) BES3 scenario

Vs =4GeV
[cosds| < 0.93 A [pE| > 300 MeV
[Jcos¥,| <0.8 A E, >25MeV] V

[0.86 < |cosdy| < 0.92 A E, > 50MeV]
3y st. B, > 400 MeV

(d) B scenario

Vs =10GeV

0.65rad <94 <2.75rad A |ps| > 1GeV
0.6rad <9, <2.7rad A E, > 3GeV

V5 4 < 0.3rad

Afxxv > 8GeV

I e



BabaYaga@NLO Phenomenology

Tuned comparison - KLOE-SA INFN UNNERSW\
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Tuned comparison - BES3

inen ()
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do.

e

a@QNLO
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Phenomenology
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KLOE-SA scenario - 6+ , B ) o ecRsiTA

Phenomenology

KLOEII scenario KLOEII scenario
| — 10 — 10
)
10 — NLO — NLO
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de do
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Phenomenology
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KLOEI scenario KLOEI scenario
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—2 I n
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3abaYaga@NLO

BES3 scenario - E,

BES3 scenario

BES3 scenario
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B scenario - E7

o
iz,

107°

B scenario

— LO
— NLO
—— NLOPS
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do.
dE;
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B scenario
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