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General structure of NLO corrections
N Krémer, Nucl.Phys., B459,3(%)  Singularities at NLO [and how they are removed]:

@ Real emission

» Infrared divergences: Soft [cancelled by
loop IR contr.]
» Infrared divergences: Collinear
* initial state [subtracted via
“renormalisation” of collinear PDFs
(Altarelli-Parisi counter-terms)]
* final state [cancelled by loop IR contr.]

@ Virtual (loop) contribution

» Ultraviolet divergences: [removed by
renormalisation]

» Infrared divergences: [cancelled by real
Infrared contribution]

[The quark and antiquark attached to the blob are taken as on-shell and their relative velocity v is set to zero.]
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Part |

Photoproduction at mid and high Pr at
HERA

o = = = = wDax
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Different contributions in the CSM up to NLO

NLO*: C.Flore, J.-P. Lansberg, H.S. Shao, Y. Yedelkina, PLB 811 (2020)
135926
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Different contributions in the CSM up to NLO

NLO*: C.Flore, J.-P. Lansberg, H.S. Shao, Y. Yedelkina, PLB 811 (2020)
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Different contributions in the CSM up to NLO

NLO*: C.Flore, J.-P. Lansberg, H.S. Shao, Y. Yedelkina, PLB 811 (2020)
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Different contributions in the CSM up to NLO

NLO*: C.Flore, J.-P. Lansberg, H.S. Shao, Y. Yedelkina, PLB 811 (2020)
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Part Il

Photoproduction at mid and high Pt at
the Electron-lon Collider
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Predictions for the EIC : J/9 + X (/Sep = 45 GeV)

C.Flore, J.-P. Lansberg, H.S. Shao, Y. Yedelkina, PLB 811 (2020) 135926

ME=pR=

CT14NLO

1ev2GeV/1 b

mr

m, = 1.5GeV

Prompt CS (QCD NLO* +/+c LO VENS + QED LO)

Prompt CSQCD LO 5%

Prompt C5 QCD NLO* 2w

Vs =45 GeV

Q< 1GeV?
0.05<z<09
Pr>1GeV

10 GeV < W, <40 GeV

10 . o on

do (ep — J/¢ X)/dP1 [nb/GeV]

107 by caont

108 | 50, §FD (4= 1/9)
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Y. Yedelkina (IJCLab,UCD)

1 ; ,
208 TmSReRL
o2 07 T8I
;89 0'6 < I/lf*‘:u)\;‘FNS o
B 02 -
ey
g 02
¢ 01 i
0 . = o :
2 4 6 8 10 12 14
Pr [GeV]

@ At /Sep = 45 GeV, one gets into

valence region
Yield steeply falling with Py

Yield can be measured up to
Pr ~ 11 GeV with £ = 100 fb~

[using both ee and ju decay channels and ey/yp ™~ 80%]
QED contribution leading at the
largest reachable Py

photon-quark fusion contributes
more than 30 % for P+ > 8 GeV
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Predictions for the EIC : J/9 + X ( /Sep = 140 GeV)

C.Flore, J.-P. Lansberg, H.S. Shao, Y. Yedelkina, PLB 811 (2020) 135926

@ At ,/sgp = 140 GeV, larger Pr
range up to approx. 18 GeV

QED contribution also leading at
Febtiey ] the largest reachable Pt

005<2<09

meiew 1@ photon-gluon fusion contributions
" dominant up to approx. 15 GeV
@ J/¢ + 2 hard partons

lie. J/y + {gg, qg. cc}] dominant for
S Pr ~ 8 — 15 GeV

WE = pR = mp Prompt CS QCD LO £33
mg = 1.5GeV Prompt CS QED LO #52

J/p+c LO VENS
CTINLO Prompt CS QCD NLO* 7523
Prompt CS (QCD NLO* + J/+c LO VFNS + QED LO) 4 o

20% D (4= /)
<Oply>=145GeV?

Tev/2 GVl b

do(ep = J/¢ X)/dPr [nb/GeV]

-7 .
[l — @ It could lead to the observation of
10% : J/ 9 + 2 jets with moderate P
1 + + + SRS . age
g8 PompCSLOGCD 5 @ with a specific topology where
fg 06 wiiii?ﬁi the leading jet; recoils on the
B p+c LO VFNS 22 . .
i J/ ¢+ jety pair
Z 0
&3
I T

Py [GeV]
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Part IlI

J/y+charm associated production at
the EIC

o = = = = wDax

Y. Yedelkina (IJCLab,UCD) Inclusive quarkonium photoproduction



J/p-+charm associated production at the EIC

C.Flore, J.-P. Lansberg, H.S. Shao, Y. Yedelkina, PLB 811 (2020) 135926

VENS = 3FS*[1-(1-¢c)%)] + (4FS - CT)*e, VENS (no IC) &%

10 ot ?J%ﬁ% @ Same LO VFNS computation
gm previously shown in green except
Zs for the charm-detection efficiency
%106 €ct VNS —

2 B x (1 —(1—€)?) + (*S —0°T) xe
517 hoagouna: @ At \/Sep = 45 GeV, yield limited to
low Py even with £ =100 fo~

109 | <ot = 15 Go? @ But it is clearly observable if

-

s T e 7 g = 0.1 with O(5000, 500, 50)
events for £ = (100,10,1) fo—"
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J/p-+charm associated production at the EIC

C.Flore, J.-P. Lansberg, H.S. Shao, Y. Yedelkina, PLB 811 (2020) 135926

VENS = 3FS*[1-(1-¢.)%)] + (4FS- CT)"e, VENS (noC) &9

o o PR, @ Same LO VFNS computation
3w FaG s previously shown in green except
2 ';gge'viezwm‘m for the charm-detection efficiency
%% €c: FVFNS —
%“"5 Len G 1) o3FS « A-(1- 6)2) + (04FS _ O.CT) e
S0 ncon @ At ,/sep = 45 GeV, yield limited to
Swrf o low P7 even with £ = 100 fb~

s @ But it is clearly observable if

ec = 0.1 with ©(5000, 500, 50)
events for £ = (100,10,1) fo—"

@ At ,/Sep = 140 GeV, Pt range up to
13-14 GeV with up to order 10* of
events with £ = 100 fb~"

@ Could be observed via charm jet

Pr [GeV]
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J/p-+charm associated production at the EIC

C.Flore, J.-P. Lansberg, H.S. Shao, Y. Yedelkina, PLB 811 (2020) 135926

VENS = 3F8*[1-(1-¢0)9)] + (4FS - CT)%e, VNS (nolC) 5%
o o e WSS @ Same LO VFNS computation
10° Fe1Gw .moﬂclmjm previously shown in green except
- oA W <0Gy for the charm-detection efficiency
- €c: oVFNS =

Lev.2GeV/1 b

B x (1 —(1—€)?) + (*S —0°T) xe
@ At /Sep = 45 GeV, yield limited to

1ev/2Gev/10 b

ecdo(ep —J/yc)/dPr [nb/GeV]

s . ] low Pt even with £ = 100 fo~'
o8 = @ Butitis clearly observable if
2N ec = 0.1 with (5000, 500, 50)
2 \ \lf-—-a\, _—a_ea,,  —E T events for £ = (100,10, 1) fbo~
£ 22 \ N L e At /Sep = 140 GeV, Py range up to
: D; \ \\ \\\\ DLLIMMIMMIMR 13-14 GeV with up to order 10* of

events with £ = 100 fb~"
@4+ 6 s w21 @ Could be observed via charm jet

Py [GeV]

=3

@ 4FS yc — J/yc depend on ¢(x) and could be enhanced by intrinsic charm
@ Small effect at /Sgp = 140 GeV [We used IC ¢(x) encoded in CT14NNLO]
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J/p-+charm associated production at the EIC

C.Flore, J.-P. Lansberg, H.S. Shao, Y. Yedelkina, PLB 811 (2020) 135926

VNS = 3RS (1-(1e0)))] + (4FS-CT)*e, " VENS (no IC) 5%

3 B £c=0. = like IC) £ i

" o gz;,m hesmio ] @ Same LO VFNS computation

8 e PraiGy previously shown in green except
.::3 CeV<W.YP<20GeV h ..

F 105k ‘ for the charm-detection efficiency
s . €c: oVFNS =

= 106 1ev./2GeV/10 b

T . (73FS><(1—(1—6)2)+(04Fs—ocr)><e
£ e @ At /5o, = 45 GeV, yield limited to
T 108

m.=15GeV

low Pt even with £ = 100 fo~'

S¥ @ Butitis clearly observable if

EE ec = 0.1 with O(5000, 500, 50)

= events for £ = (100,10,1) fo—"

@ At ,/Sep = 140 GeV, Pt range up to
13-14 GeV with up to order 10* of

, NI events with £ = 100 fb~"

1 2 3 4 5 6 7 @ Could be observed via charm jet

Py [GeV]

WF=pR =mT
09 F <Oji> = 1.45GeV?

ratio w.r.t. VENS (no IC)
cRrNwEGOoN®

@ 4FS yc — J/yc depend on ¢(x) and could be enhanced by intrinsic charm
@ Small effect at /Sgp = 140 GeV [We used IC c(x) encoded in CT14NNLO]
@ Measurable effect at ,/S¢p = 45 GeV: BHPS valence-like peak visible !
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Part IV

Study of the impact of the NLO
corrections to Pr-integrated
photoproduction cross section
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Squared amplitude

expected soon on NLOAccess !

@ FeynArts: to generate expressions for Feynman diagrams with Colour Singlet

spin projector:
o(p1) +&(po) — ce [*8{"] (k)

@ Virtual: FeynCalc: tensor reduction & find master topologies

@ Solve linear dependence in propagators introduced with NRQCD limit —
partial-fractioning

@ [BP reduction of Feynman integrals to master integrals: KIRA, FIRE

@ LoopTools+HypExp library: Feynman integrals are evaluated in an efficient and

numerically-stable way

UV renormalisation

Real: 2 — 3 amplitudes with FormCalc

The Catani-Seymour Dipole subtraction terms:

1. 2 — 3 dipole term to subtract from the real contribution — finite + numerical

ph-sp integration

2. add 2 — 2 integrated-dipole term to the virtual contribution

@ Altarelli-Parisi counter-term (absorbs initial-emission collinear singularities into
factorised PDFs of photon)

@ Fortran (CUBA): phase-space (MC) integration

@ Cross checks against other existing implementations (thanks to M. Butenschoen, Yu Feng,
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The scalin g functions s Lansberg, M.Nefedov, Y. Yedelkina: PoS EPS-HEP2023 (2024) 271

TTTTTT T T T T T T T 100 T T T TUITT
200 ipoles — — ]

real - dipoles — real—dipo\es o T T
integrated d\i?rﬂeasl _ 80 — mtce Jgticid;;fée; _ B L1
almazzes —— ] o e -
100 - ) ¢ X2 o a0 ’ ,
_ 201 —
200 Ll vl vl vl T 200 Lol vl vl vl
100 10t 102 103 100 10t 102 103
n n
3g(1)
_§—M2,Z_k3k2, _ |krsl? = 16aaged, <O[ S ) (1)
T="m2 fT k' PT M2 TOT T2 M3
d(TCSM d d
1
! = Fioq -2 0 i+ 2 | Bo(mp) oo % y’;égl (2
dzdp dzdp 27'[ dz dp e

_|_

In

dzdp dzdp 12 3

dac\" (4.p.2) de\" (y.p. 2) 2]} @
i=g.q
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The negaatlve Cross- -sections issue at h|gh ene

ni Serri, Y. Feng, C. Flore, J.P. Lansberg, M.A. Ozcelik, H.S. Shao Yedelkina: agv :2112.05060
hep-phl

Jly photoproduction
CT18NLO, z< 0.9
Myy=2m, = 3 GeV'
20% FD (y "= Jiy)

IRy(0)[?=1.25 GeV®
10° £ ) aa |

10 100 1000
vy [GeV]

@ NLO cross section for J/ photoproduction becomes negative for
large . when /s, p increases

@ Forup =2M, o < 0 as in case of #¢ hadroproduction
J.P. Lansberg, M.A. Ozcelik: Eur.Phys.J.C 81 (2021) 6, 497

@ 2 possible sources of negative partonic cross sections: loop
corrections (interference) and from real emission (subtraction of IR

poles)
Exp. data: H1 - M.Kraemer: NPB 459(1996)3-50, FTPS - B.H.Denby et al.: PRL 52(1984)795-798, NAI -
NA14Collaboration, R.Barate et al.:Z.Phys.C 33(1987)505
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Negative cross-section values

A. Colpani Serri, Y. Feng, C. Flore, J.P. Lansberg, M.A. Ozcelik, H.S. Shao, Y. Yedelkina: arXiv:2112.05060
[hep-ph]

10°

10?
=y
=)
e
©
10" J/y photoproduction
CT18NLO,z<0.9
My, =2m, = 3 GeV
20% FD (y - Jiy)
10°

IRy (0)P=1.25 GeV®
‘ ]
10 100

1000

5y [GeV]

@ Initial state collinear divergences are removed via the subtraction
into the PDFs via AP-CT

2 . #NLO 2(71)
@ 5 —co: 0 xas(pp) (C

M3 (i) o
1 log 2 +¢c A=
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A scale prescription for ug

J.P. Lansberg, M.A. Ozcelik: Eur.Phys.J.C 81 (2021) 6, 497

@ In principle, such negative terms should be compensated by
the evolution of the PDFs governed by the DGLAP equations;

@ A,g. A,q are process-dependent, while the DGLAP equations
are process-independent, which makes the compensation

imperfect;
@ Butas A,y = A,q, We can choose ¢ such that
limg 0074 = 0

@ This amounts to consider that all the QCD corrections are in
the PDFs

@ The choice of factorisation scale to avoid possible negative
hadronic cross-section: (for 7q : Agi = —1)

HE = fiF = Mei’?;

@ For J/v (Y) photoproduction: jig ~ 0.86 M
(Pt €[0,00], z<0.9)
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Results with fif = 0.85M

A. Colpani Serri, Y. Feng, C. Flore, J.P. Lansberg, M.A. Ozcelik, H.S. Shao, Y. Yedelkina: arXiv:2112.05060

[hep-ph]
108 ¢ ‘ :
[ J/y photoproduction NLO: pg unc. e===
CT18NLO LO: pg unc.
My=2m¢=3 GeV, z < 0.9 NLO: CT18NLO PDF unc. £y
1p=0.86Myy,, g € [2.5;10]GeV  NLO: MSHT20 PDF unc. £
NLO: NNPDF31 PDF unc. mzzzzzza
102 % Exp. data —&— -
g i}
bg: ’;’
10"
20% FD (v '— Jly)
IRy, (0)P=1.25 GeV® |
100 E . . ] . . ]
10 107 10°

V., [GeV]
Exp. data: H1 - M.Kraemer: Nucl.Phys.B 459(1996)3-50, FTPS - B.H.Denbyet al.: Phys.Rev.Lett. 52(1984)795-798, NAI
- NA14Collaboration, R.Barateet al.:Z.Phys.C 33(1987)505
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Pr-differential cross sections

102 F o, e = 17, Gua;m\n/max‘uw::om‘n 2_'5'5‘_;3?78\/) m‘ o If pT-dependence is taken into

10 F LO, b =1.7me, b = 2.10] Gov =1 account, for § — oo:

100 L &h‘ H1 data: HERAZ2 [EPJC 68, 401 (2010)] H—g (’_)/I') —(’)/i) 2

10-1 ? A% H1 : C1 (pT)/C1 (pT(>)O< (PT/MQ)
e, 1 @) ol .

102 L@ = fip = Me%i % o« MePT/ M,

109 | : which is weird

10 @ Full matched calculation between NLO

do(e p — Jiy X)/dP [nb/GeV]

€102 > BRI . .
108 | 2 = 1 and In 8/ M?-resummation is needed
109 SHionio e : @ Common dynamical scale choice:
107 FR 1, (0)2 = 125 Gev? XXX

He = (0.5,1,2)mr

20% FD (y'— Jip)

-8 X
10™ bt ve =319 cov. Wy, € [60:240] GeV, z € [0.3:09), Q2 < 2.5 GeV2

EIC140: Vs = 140 GeV, Wy, € [20:80] GeV, < 0.9, Q2 < 1 GeV2
10-9 h L I i L

0 2 4 6 8 10 12 14
Pr[GeV]

@ onecanuse g = a\/ M2+ P2 or up = /(BM)2 + P2

@ if Pris large, then pufp o Pr

@ For ur = fip with < P2 >=2.5GeV? (for J/y at HERA energies), we get
a=0.77and B =07
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Part V

Can J/¢ & Y allow us to probe PDFs? :
PDF vs scale uncertainties
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J/p&Y: PDF uncertainties of o(,/5,,)

A. Colpani Serri, Y. Feng, C. Flore, J.P. Lansberg, M.A. Ozcelik, H.S. Shao, Y. Yedelkina: arXiv:2112.05060

[hep-ph]
o

PDF uncertainties increase at large /s (i.e. small x)

@ The upg unc. are reduced at NLO in comparison with LO

3 0
10 Jhy photoproduction j NLO: ug unc. rzz= 10 T(1S) photoproduction ' NLO: g une. =3
CT18NLO LO: g unc. CT18NLO CTIBNLO POF ung. sy
My,=2m=3 GeV, z < 0.9 NLO: CT18NLO PDF unc. M =2my=9.5 GeV, z < 0.9 MSHT20 PDF unc. =<1
yry=2M; Y(15)=2Mp’
1F=0.86My, up € [2.5;10[GeV  NLO: MSHT20 PDF unc. £553 14p=0.86My ;). g € [8; 32]GeV NNPDF31 PDF unc. -
NLO: NNPDF31 PDF unc. 777772
102 % Exp. data —&— 107 E = ]
<5 =
z ¥ z
]
© Og
10’ 102k |
, 2.22% FD (Y(3S)- Y(18))
20% FO fy > ) ¢ 12.51% FD (Y(28)— X(1))
IRyy(0)*=1.25 GeV/ IRy(1s(0)?<7.5 GeV®
10° £ . 1078 .
10' 102 10% 102 10%
5., [GeV] 5., [GeV]

Exp. data: H1 - Nucl.Phys.B 472(1996)3-31, FTPS - B.H.Denby et al.: PRL 52(1984)795-798, NAI - NA14Collaboration,
R.Barate et al.:Z.Phys.C 33(1987)505

Y. Yedelkina (IJCLab,UCD)

rkonium photoproduction

July 8, 2024 18/25



J/p&Y: PDF uncertainties of o(,/5,,)

A. Colpani Serri, Y. Feng, C. Flore, J.P. Lansberg, M.A. Ozcelik, H.S. Shao, Y. Yedelkina: arXiv:2112.05060
[hep-ph]

@ PDF uncertainties increase at large /s (i.e. small x)

@ The upg unc. are reduced at NLO in comparison with LO

@ Increase of ug unc. from ,/s,, 2 50 GeV from the loop corr.
@ At NNLO we expect a further reduction of ug uncertainties

100 100
Jhy photoproduction CT18NLO PDF unc. = - - Y(1S) photoproduction ChTﬂ1SS$_.NI_LO EBE unc. = = =
GT18NLO MSHT20 PDF unc. ------ ’ CT18NLO 20 PDF unc. -+ -+
NNPDF31 PDF unc. NNPDF31 PDF unc. — - -
My =2m =3 GeV, z < 0.9 - i UG My15/=2mp=9.5 GeV, 2 < 0.9 - i Une. 72 n
1F=0.86M, g € [2.5; 10]GeV LO: g unc. 1p=0.86My (1), up € [8; 32]GeV LO: pg unc.

R e
50 ] 50 | ]
%,
-100 ‘ -100 ‘
10 102 10° 102 10°
s, [GeV] 5, [GeV]

Exp. data: H1 - Nucl.Phys.B 472(1996)3-31, FTPS - B.H.Denby et al.: PRL 52(1984)795-798, NAI - NA14Collaboration,
R.Barate et al.:Z.Phys.C 33(1987)505
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Tep(V/S)

A. Colpani Serri, Y. Feng, C. Flore, J.P. Lansberg, M.A. Ozcelik, H.S. Shao, Y. Yedelkina: arXiv:2112.05060

[hep-ph]
Exp. v/ Sep L (fb71 ) NJ/‘/J Ny(1 S)
EicC | 167 100  15793.10% 237} ) 10
AMBER | 17.3 1 1.6703 - 10 <1
EIC 45 100 8579510 61707 10

EIC | 140 100  25'3)-107 76793 10°
LheC | 1183 100  9.3737-107 8.173%.10%
FCC-eh | 3464 100  1.6795-10% 1.8'9} 10°

We expect ig unc. to shrink at NNLO:
Possibility to constrain PDF with differential measurements

Rem. Nlpl ~ 0.08 x NJ/‘P’ NY(ZS) ~ 04 x NY(1S)' NY(SS) ~ 0.35 x NY(1S)
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Part VI

High-Energy factorisation and matching
to NLO for inclusive quarkonium
production
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H |g h-Ene rgy Factorization - Lansberg, m. Nefedov, M.A. Ozcelik, JHEP 05 (2022) 083

The LLA (a2 1n"~"(1 + 7)) formalism is due to [Coliins, Ellis, 91'; Catani, Ciafaloni, Hautmann, 91°,947 :
n

1+ )
Oruer() [ %({dq%c (5.3, 1tF. 1R) X H(y, % )+NLLA + O(1/).
@ The resummation factor C is the solution of the LL

Physical picture in the LLA BFKL equation with collinear divergences subtracted,
for photoproduction: which resums all terms « (as/N)" (complete LLA)
has the form: (Nata)
Noas) (a3 Toot s
[ [ }H C(N, a7, ue) = Rlrgg(N,as)) 2322 (5F) ,
| @ ..., where for consistency with fixed-order DGLAP
a |1 ) evolution . 9 i,
§ \oagonoeik < ki 'Ygg(Nv"‘S):%+2C(3)%+2€(5)%+---
: o @ ltis convenient to go from (z,q7) to (N, x7):
- + 1. Mellin convolutions over z turn into products:
leoooooooos k3 < k
I S £
I V4
I 2. Large logs map to poles at N = 0:
2000000/00000000000000/ k+1
p;r—> %k?:pr D‘lS(JH1 lnk1_> “skm

3. All collinear divergences are in C in Xr-space.
Expansion of d1gg(17) in as reproduces oo (17 > 1) and predicts the onnro (7 > 1).
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Matchi ng with NLO J.-Ph. Lansberg, M. Nefedov, M.A. Ozcelik, JHEP 05 (2022) 083

The HEF is valid in the leading-power in M2 /3, so for § ~ M?: match with NLO CF
@ the Inverse-Error Weighting Method [Echevarria et.al. 181:
AGE ()
Aocf (1) + Doge(n)
Abcg(n7) is due to missing higher orders and large logarithms,
Adygr(n) is due to missing power corrections in 1/7

@ the Subtractive matching: o¢cr (1) + GHer (1) — asdy, with
Ocr (1 — 00) = Oper(n — 0) = as0y

0(n) = weg(n)oce(n) + (1 — wer(y))ouer(n), wee(y) =

.
2010 T T T muFvar

1080 T T 7
LO+NLO, NO InEW WEIGHT ~ —
WO, MO Nk W ~ CT18NLO, NLO+HEF, M=3 GeV
2010 |- | InEW vs. subtractive matching,
L Se!1)-state
- channels: gg+ag+9a+ad +ai+ad,
CT18NLO, VS,p= 700.0 GeV
30100 YP
Dios L
2 2010 4 =
< &
Z 1000 [ -4 BF
3 LO, Mg,p S5pt. var. ==
2 TOMLOHEF subtr. match. He g 5pt. var.
& N = LOSNLO+HEF InEW match., pe.g 5pt. var. £
B 0.010° = \/ ____________ 10¢ InEW mat(hmg uncer(amty 4
- LO+NLO+HEF, subtr. mamung
20100 | il LONLOSHER, IV\EW”rga(cmng —_
100 ‘ } LOSNLO, Lo - - |
s gl
S
20100 |- - 820 \—/
Q15 B
S10
205 R
30100 I I 1 L x5 I I !
107 100 10! 10? 108 10? 10° 10% 108

n Vs [Gev]
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Matching with NLO for J/ v inclusive photoproduction

J.-Ph. Lansberg, M. Nefedov, M.A. Ozcelik, JHEP 05 (2022) 083

Matched results for J/ 1 photoproduction can be further improved by taking y%— and

% ~ 25 GeV2 at high ,/s,p for J/ ¢

NLO+HEF, InEW matchlng, M=3 GeV z<0.9 NLO+HEF, InEw matchlng, M=9.5 GeV, z<0 9
Tn(1+ ) res., dynamical scale In(1+ r]) res. ic cale S
1021 <o[351“1|> 1.79 Gev3 +20% (FD w(25) <0, 1]>=10.7 Gev3+2.: zz% FD nzsnnz 51%(FD T(35))
= =
2 S0l E
g a
i %
L0l a
= LO+NLO+HEF, pf g 5pt. var. & fi02) 4
© LO+NLO+HEF, CTI8NLO —— 1 < LO+NLO+HEF, g 5pt. var. £
MSHT20n10_as118 — — © CT18NLO ——
NNPDF31_nlo_as_0118 — - MSHT20nlo_as1l8 — —
NNPDF31sx_nlonllx_as_0118 — - NNPDF31_nlo_as_0118 — -
Exp., data —@— L NNPDF31sx_nlonllx_as 0118 — -
14
o 12
C10
5
08~
06 - . . ]

102
Vsyp [GeV]
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Part VII

Conclusions
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Conclusions

@ The CSM up to aa? reproduces photoproduction at HERA up to
scale-uncertainty

@ The estimations for the EIC can rely on CSM only
@ NLO QCD corrections are important for Pr-integrated o

@ A specific j1¢ choice can be employed to avoid a possible over subtraction of
collinear divergences which lead to negative NLO ¢ values at large /5,p

@ The perturbative instability of pr-integrated quarkonium production cross
sections at NLO comes from the region & > M?

@ The problem can be solved via matching of NLO calculation at 8 ~ M2 and LLA
HEF calculation at & > M?

@ Loop correction matter and significant NNLO corrections (likely positive) are
expected as well as a further reduction of the .z unc., esp. around 100 GeV

@ This would likely allow one to better probe gluon PDFs at small-x and pug ~ M.
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