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1. Inclusive D in ultraperipheral collision (UPC)

e Charm photoproduction in LCPT

e Collinear limit

2. Comparison to CMS data

2/14


https://arxiv.org/abs/2503.16108

UPC

AVAV. 2
R
KL N>
AVAV. 2
B, >2R
b
W]L 1

3/14



UPC

B - o]

BL>2R

dUA+AﬁD°+X Qg At X
m = / / P“XnOn”(BJ_)PhOtonFluX(w, BJ_) / m]ﬁ"ag.f“un.(z,c, m)

w B 7

3/14



UPC
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Charm photoproduction in LCPT

LO in ag
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https://arxiv.org/abs/2206.13161

Charm photoproduction in LCPT

LO in ag

o Fock state expansion
7A@, a1 Q%)) oc Y WP T gg)e + > W% qgg)o + .
qq qqg
Beuf, Hanninen, Lappi, Mulian (2022)&
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Charm photoproduction in LCPT

o Invariant amplitude from scattering matrix element

(a(koL, ke ")k, ki1)[S =1y (a7, a1 Q) oc M(aL — ko, Kyy)

~
F.T to mixed space
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https://inspirehep.net/literature/883101

Charm photoproduction in LCPT

o Invariant amplitude from scattering matrix element

(lkor, koT)a(k1L, ki F)[S =1y (g% a1: @) o M(ar — koo, k1)

F.T to mixed space

Mo g5 = / elkorxor gikiixis ( [UF(XOJ_) U,T—(le.)} = 55051) g =l
X0LX11 BoB1

dU,Y*JrAHcEJrX — /d[PS]<’M|2>
Dominguez, Marquet, Xiao, Yuan (2011)&
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Charm photoproduction in LCPT

o DO = {ic — we integrate over the antiquark momentum ki |
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Charm photoproduction in LCPT

o DO = {ic — we integrate over the antiquark momentum ki |

Color structure in (|M|?):

(Tr(U(xoL)UT(x10)U(x7, )UT(xg1)) ) — (Tr(U(xoL)UT (x11))) = (Tr(U(x} )UT(x5,))) + Ne
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Charm photoproduction in LCPT

o D% = ic — we integrate over the antiquark momentum ki

Color structure in (|M|?):

(Tr(U(xoL)UT(x10)U(x7, )UT(xg1)) ) — (Tr(U(xoL)UT (x11))) = (Tr(U(x} )UT(x5,))) + Ne

d?k /
(275? ehrGar=—x,) /dzx’u 6@ (x11 — xi,)
-~ ——
from P.S from F.T Fock state
(Tr(U(xg)UT(x01)))
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Charm photoproduction in LCPT

o Mixed space

da«/*+A—>c+X
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Charm photoproduction in LCPT

o Mixed space

da«/*+Aac+X

e
dszLdyo
XOJ_;XlLv
XoL

” i,
gfoL(os—%o1) I:DXOL_X[/)L = Dygy—x11 — Dx(’)i —xi. T l]w(XOL:XIL)d)T(X(/)J_: X11)

o Momentum space

do.'y*+Aac+X d2£J_

d?ko dyo / (27)? Dle):- -}
1 1 ?

{..}=2zm" - +4z(22+(1—z)2)

ko — €1 ko
m?+ (koL —€1)> m?+kj,

m? + (koL —€1)> m?+ k3,

— Soft scale: £3 ~ Q2
— Quasi-real photon: Q% — 0
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Collinear limit

. d%e,
Full expression: I, = WD(EL){}
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https://journals.aps.org/prd/abstract/10.1103/PhysRevD.49.3352
https://arxiv.org/pdf/hep-ph/0303204

Collinear limit

d2e,

Full expression: IE_/D(eL){...}

(2m)?

const., £ < Qs

D(t)) ~
() {1/54, 0> Qs

MecLerran, Venugopalan (1994) &
lancu, Venugopalan (2003) &
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Collinear limit

- d2e;
Full expression: I, = WD(M{}
const.,, £ < Qs
D(£,) ~ )
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Collinear limit

. d2e,
Full expression: I, = WD(KJ_){. o}
D(0)) const., £ < Qs P
J_ ~Y
1/547 KJ_>>QS {}N{JJ
const.,

MecLerran, Venugopalan (1994) &
lancu, Venugopalan (2003) &
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Collinear limit
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Collinear limit

o In the limit £, < kg :

: kol g2 2m?k? . + [2%2 + (1 — 2)?|(k?, + m*
I;:)_lhnear =/ L D(eJ_)eZ 27 0L [ > ( 2)4]( 0L )
(2 )? (koJ_ + m?)
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Collinear limit

o Inthe limit £; < kg :

collinear koL d2‘el 2 2m2k02J_ + [22 + (1 — z)zl(kgj_ + m4)
IZJ_ = D(KJ_)E 2 2 N4
(2m)2 (kg + m?)

o Numerical comparison with the full expression

I, — /(dze)go(z T
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Collinear limit, £, -integrand
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o Matching at small £, large kg |
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Collinear limit, cross section

_ Pb+Pbo DO+ X (v/5=5.36 TeV)
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1 o Small kp: collinear result suppressed

1 Large kp: matching up to some

normalization
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Comparison to CMS data
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Comparison to CMS data
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Summary

Rederived inclusive charm cross section for D° in UPC

o Collinear limit vs full expression: matching at large kp |

o Comparison to CMS data: good agreement at small kp |

o To improve: NLO, fit BK initial condition including massive quarks
Casuga, Karhunen, Mantysaari (2024) &
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