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Color Entanglement and Factorization
Breaking

Due to the non-Abelian nature of QCD, Rogers and
Mulders (2010) predicted that quarks can become
correlated across colliding protons in hadron production
processes sensitive to nonperturbative transverse
momentum effects

Rather than two factorized parton distribution functions,
correlated partons across protons would be described
by a single nonperturbative correlation function

Measuring the evolution of nonperturbative transverse
momentum widths as a function of the hard interaction
scale can help distinguish these effects from other
possibilities (Collins-Soper-Sterman predicts the widths
to increase with hard scale)



Collins-Soper-Sterman Evolution
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Observables

Look at m°-hadron and y-hadron correlations, which
are sensitive to nonperturbative transverse
momentum in the initial state (in the proton) and
final state (hadronization)

assoc

Aa880C

AASSOC

. trig
direct photon p.,



PHENIX
N

O

Azimuthal coverage:
2 x /2 PHENIX Detector

Central

Psuedo-rapidity coverage:
+/-.35

Isolated direct photons

and °2>yy detected by ..
electromagnetic

calorimeter

Charged hadrons detected
by Drift and Pad
Chambers

Centrality in pt+A:

Yot =we6L

West Beam View East
o Integrated charge in

beam-beam counters

o1 Proxy for impact
parameter



AQ Correlations
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P, DPistributions
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Evolution with Hard Scale
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System Size and Centrality Dependence

Hint that possible

factorization-breaking

effects stronger in p+A
than p+p
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PYTHIA Simulations

PYTHIA-generated
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Conclusions

Factorization breaking is predicted in processes sensitive to nonperturbative
transverse momentum effects such as n%-hadron and y-hadron correlations in

hadronic collisions

These results show widths decrease with hard scale, suggesting possible TMD

factorization breaking and color entanglement of partons across colliding protons

— 0.65
é—" O nl-ht
> Lo PHENIX
O 06 T n%-h*® Linear Fit =
c Vo v-h* Linear Fit
5 0_7<p_ar53°°<1 0 GeVic .
= [n|<0.35
= n[<0.35 ]
-% 0.55 p+p at Vs=510 GeV
2 g |
s g g o= -
Q) 05 7_““’ ‘* . N
B =
0.45/— ]
L ! I ‘ L

| 1 1
0 11 12 13 14

p‘T”g [GeV/c]

Konychev & Nadolsky, PLB 633, 710 (2006)

1.2

+ B2 Z boson data
m E605
A CDF Z
A DOZ
+ R209 )
po. o ouBINNERLA L
Drell-Yan data Bmax = 1.5 GeV-'!
5 10 20 50 100
Q[GeV)]

200

Examining color interactions in PYTHIA could potentially further our understanding

of these results

Results from p+p collisions at vs = 200 GeV coming soon! = Look at x; scaling
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STAR p+p at Vs=200 GeV
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Extract RMS of p_,, from away-side charged
hadrons
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