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Theoretical Situation

Outcome of theoretical descriptions of pp — AcA¢ rather controversiall
Hadronic models:
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Theoretical Situation

Outcome of theoretical descriptions of pp — DD also controversiall

pQCD: Hadronic models:
A. Goritschnig, B. Pire, W. Schweiger: J. Haidenbauer and G. Krein:
Phys. Rev. D 87 (2013) 014017; arXiv: 1404.4174 [hep-ph]
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Theoretical Situation

Production mechanisms, assumptions and ingredients

pQCD: Hadronic models:

» Handbag mechanism » Hadron (Reggeon) exchange
p(p, 1) A 1) D D
u[:/,vl_/\‘_(u)i c(k, N, a)) _A"§r_:z_:r_:
(k. Mo, as) (k) Ny, af) ¥.(2520)
NV NY

Pl v) A(d,v)

» intrinsic charm in p neglected

» charm created perturbatively via

charm created non-perturbatively
via H) (Regge) exchange

uu — cc » intrinsic charm in p crucial

Ac and D LC-wfs strongly peaked > BcpMé*)—coupIings unknown =

at xo = mc/mu, SU(4)¢-relations, LC sum rules

p — Ac transition GPDs and > initial and final state interaction

p — D TDAs unknown = (partly) taken into account
modelling > vertex form factors not uniquely
valid well above production determined

threshold (£ small) » valid from production threshold on



Features of the Handbag Mechanism

» Analysis of soft hadronic matrix element

p(p, 1) AL 1)
u(ky, Ay, ar) /F(kis/\/l-ai)

= 8 p — A. transition GPDs H, E, H, E, Hr, Er, Hr, Et

Peaking approximation (X; — xo in hard-scattering amplitude)
= X-integrals over GPDS = 8 transition form factors

v

icTVA,
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D(p/,//) {Rv(i, )" + Rr (&, 1) u(p, 1)

/\/ﬁ wp
H, E — Ry, Rt, F/, E — Ra, Rp, HT, /:IT, Er, ET — 571, Ss, Syi, Svo

» Suppression of FFs which require quark orbital angular momentum
= [Rvl, [Ral, [ST| >> [Rrl, [Rel, [Sval, [Svel

x > & (DGLAP region) = overlap representation of GPDs and FFs
in terms of valence-quark LC-wavefunctions feasible

v

> s-wave wave functions — Ry ~ Ry ~ St



Features of the Handbag Mechanism

Spin Correlation Parameters

Single polarization observables vanish, but non-vanishing correlators:

- . . > final spin correlations: Cj;
> initial spin correlations: Aj

> polarization correlation

> polarization transfer p — Ac: Dj; between p and Ac: Kj
C- 1

with i, j = L (helicity), N (normal to scatt. plane) and
S (sideways direction, within scattering plane but L to momentum).

1.0

If un. = e = Rv = Ra = S7, then

08 Cos e
asp, @ (pf) — /\cl_\c) = O (ut — cq),

0.4

which is independent of model

., for baryon wave functions!




Extension of the Handbag Mechanism

Intrinsic (non-perturbative) charm in p

> Requires (at least) |uudcc > Fock component in p

» Is c-quark distribution in p peaked at small x (typical for light sea
quarks), or concentrated at larger x (typical for LC-wf models)?

» In addition to DGLAP region also the ERBL region (|x| < |£|) may
become important

» Knowledge on intrinsic (non-perturbative) charm in p still poor
J. Pumplin, H.L. Lai and W.K. Tung: Phys. Rev. D75 (2007) 054029
T.J. Hobbs, J.T. Londergan and W. Melnitchouk: Phys. Rev. D89 (2014) 074008



Conclusions

» pQCD, i.e. generalized parton picture, applied to pp — A and
pp — D°DO (p treated as uS[ud] state)

» Occurring GPDs and TDAs modeled by overlap of (valence Fock
state) LC wave functions

» Predictions for integrated pp — AcAc and pp — DOEO cross
sections between 1 and 10 nb

» pQCD provides characteristic behavior of spin correlations for
pp — NAe = c-quark spin directly accessible via A, spin?

> Integrated cross sections from pQCD 1-3 orders of magnitude
smaller than from hadrodynamical models

» Hadrodynamical models require (non-perturbative) intrinsic charm in
proton

» Experiment in favor of hadrodynamical models
=> intrinsic charm in p has to be considered
= important information about c-quark distribution in p

» Intrinsic charm in proton can be accommodated within generalized
parton picture, but requires additional modeling and has not yet
been attempted



pp — Ac Ao within the Generalized Parton Picture

Baryon Kinematics

Symmetric CM frame

4-momenta in terms of LC-components:

p(p.1) Al i) [ . m*+ A% /4 AL}
1+ R e AL
% : WHOP S 2
, . M*+A%/4 A
\/ o P= {(1_€)P+’2(175)‘/*’7L]
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4—momentum transfer
A=p -p=qg—q
=k — ki = ko — K}

Average 4-momentum:
p=13(p+p)=pparallel to e,

p+ _ p/+ AT
Skewness parameter: §= pt+pt  2pt

(a*,a",a.) with a* = (&° + a%)/v2 and a,b* =a"h~ +a b" —a,b,.



pp—>/\c/_\c

Parton Kinematics

A (P 1)

within the Generalized Parton Picture

Momenta of active partons

ki =

u(ki, At ar) c(k;, Ny, ah) [
1— !
k{ = [X{p/+7 kl 7k1L:|
u(ka, Ao, az) c(kh, Ny, ab) Ky — [k;, g, ku_]
pla,v) AZ(d, V) ky = [k, x6q" " ki ]
Average momentum fractions X;:
17p++p’+’ 2*q7+q/7

Relation to individual parton momentum fractions x:

X +€ /
1+§-7 X1
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Modeling Generalized Parton Distributions

Transition Form Factors

p#0= Rya=STT3AR
(p = 2 = = 10% probability to find ¢ with opposite helicity)

06 tlST
' —— Scaled form factor t'St [GeVﬂ
05 NG with t' =t — ty at s = 30GeV?.
g ' ) » solid black:
' / f = frx
03t {ff » dashed blue:
' f=fgs
0.2
f ) > dotted red:
ol /thR (1/v/x0? — &%) [ dx1 over GPDs
0y 2 1 6 8

t [GeV?]
(ap = an = 0.75 GeV ™!, Nj, = 160.5 GeV~2, Ny = 2117/3477GeV~2 (KK/BB))
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