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oolete” — 1tn™, Q%) < F, (Qz)

|Fr (@) x M= Rgpp =

W, ee T

BabaYaga NLOPS NLOPS (GVMD, FsQED)
KKMC/BHWIDE CEEX CEEX

MCGPJ NLO + CS NLO + CS (GVMD)

McMule NNLO NLO (FsQED) + NNLO — ISC
SHERPA NLO + YFS NLO + YFS (sQED)
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Cfr. A. Denig's talk.
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The radiative return BPAXSFE”A

olete” »ntr,s') < o(ete” = ntr 7)

Codes currently available:
e McMule (ppy QNLO and wry @QNLO-ISC)
e Phokhara (uuy, mmy @QNLO)
o AfKQED (uury, mmy QLO + Collinear SF)

Cfr. A. Denig's talk.
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Radiative processes ) oon

@ An important ingredient: NLOPS approach

o Exact calculation up to NLO.

o Exclusive LL resummation to all orders with explicit photon
kynematics.
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Radiative processes @ e

@ An important ingredient: NLOPS approach

o Exact calculation up to NLO.

o Exclusive LL resummation to all orders with explicit photon
kynematics.

@ NLO accuracy for radiative channels

— ete” = utuTy
te” — atrTy  (With F x sQED)
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@ An important ingredient: NLOPS approach

o Exact calculation up to NLO.

o Exclusive LL resummation to all orders with explicit photon
kynematics.

@ NLO accuracy for radiative channels
— ete” = putuTy
— ete” > atrTy  (With F x sQED)

@ Non perturbative contributions

x  {F(MZ),(M2)}
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LL approximation 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.

S



KD
(R UNIVERSITA

232, DI PAVIA

LL apprOX|mat|on

[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 ‘MGX({~} {/;})‘2
n = I | *271_ i) LSE\Ri, £j z: 2 2 Py,
i— ! v
1 etem —XXyy
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LL approximation BPAXSFE”A

If we define
: (pi - pj)
=Y Ti(k) = Z n,njéko,
Py = (P k) (P k)
then
Tsr(k,2) = Z%(k Fi(k.2)
where

Z . .
Fij(k,z) =1~ 5u(1+ g i = fermion

Fi(k,z) =1 i = scalar.
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LL approximation

If we define
! pi - Pj)
= Tjk) = Zn,n,éko,
2" oy ) (b K)
then
Tsr(k, z) = Zz,j(k Fi(k, z)
where

Z . .
Fij(k,z) =1~ 5u(1+ Z 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, arxiv:9904440
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Matching at NLO (@) acee

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

do® = [1 4 Co] IMSX” APy + |MSK|* dd,
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Matching at NLO (@) acee

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 @)

dofy = [1+ Corr] IMS|? Ay + |IME|? dD,
do® = [1+ Co] IMF? dy + [M§*[* dd,

@ 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 comparison with analytical results BPP'XSES”A

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).

dossisvive = cotcilteaL? +e3L® +ealy+esLLy4cs L2 Ly +cr L2 +es LS 4-co L°L2
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NNLO comparison with analytical results BPP'XSFE”A

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 comparison with analytical results BPP'XSFE”A

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 the
following.
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SR
NNLO comparison W|th analytical results (f#)oi™

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 the
following.

@ Virtual corrections on the 2y sample are correctly reproduced in the
soft limit, due to YFS theorem.
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Scenario KLOE-LA @ 1.02 GeV
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Matrix element comparison for n > 3

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

—— 3y REcoLA
—— 37 BABAYAGA
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Summary and Outlook BPP'XWAS”’*

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

experiment.

@ Relevance of NLOPS MC event generators.
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The Pion Form Factor

Summary and Outlook (&) e

@ Multiple photon contributions are in general important for radiative return

experiment.

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

@ A preliminary version of BabaYaga@NLO for ppu~y and 7oy is working
(with room for improvement in the near future).
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\Yaga@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

@ A preliminary version of BabaYaga@NLO for ppu~y and 7oy is working
(with room for improvement in the near future).

o Future developments
o 7y with FSQED and GVMD at NLOPS accuracy.

o eevy at NLOPS accuracy.

o Extension to other hadronic channels (KTK™...)

S o
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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?
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(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
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Tuned comparison - BES3
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