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Very Forward neutron production in p+p
collisions

ÅForward neutron production at 
ISR qualitatively described by 
one-pion exchange (OPE) model 
(Regge)

ÅAlso at RHIC in unpolarizedcross 
sections; reasonable consistency 
with model
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PRD 88 (2013) 032006

https://arxiv.org/abs/1209.3283


Transverse Single spin asymmetries (TSSAs)

ÅFirst forward neutron asymmetries 
seen at RHIC 

ÅExistence of nonzero asymmetries 
requires an extension to OPE 
model: interference of pion and a1
Reggeamplitudes can qualitatively 
describe ANs
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Kopeliovich et al: PRD 84 (2011) 114012

Fukao et al: PLB 650 (2007) 325

https://arxiv.org/abs/1109.2500
https://arxiv.org/abs/hep-ex/0610030


From p+pto p+Aneutron asymmetries

ÅUnexpectedly large A 

dependence in neutron 

asymmetries

ÅEven a sign change seen 

ÅOPE model does not predict 

such a change in asymmetries

ÅAre there other sources to the 

asymmetries?
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PRL 120 (2018), 022001
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http://arxiv.org/abs/arXiv:1703.10941


Ultraperipheralcollisions in p+A

ÅWhen impact parameter 
too large for 
nuclearinteractions,ultra-
peripheral collisionsstill possible 
with photon field fromnucleus

ÅEspecially for forward neutrons 
at low transverse momenta and 
high momentum fractions xF
substantial contribution

ÅZ2 dependence increases relative 
contribution from Al to Au
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Mitsuka: EPJC 75 (2015) 614

UPC 

event

STARLIGHT+SOPHIA+DPMJ

ET/PYTHIA simulations

https://arxiv.org/abs/1503.03694


Enhance or suppress UPC and hadronic 
contributions via correlations

ÅCoincidence with charged particle 

activity in forward and backward 

region (BBC) enhances hard 

interactions Ą asymmetries stay 

negative

ÅVeto enhances UPC contribution Ą

p+Alasymmetries already positive

Čstudy also the actual xF and PT

dependence for actual interplay
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PRL 120 (2018), 022001
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http://arxiv.org/abs/arXiv:1703.10941


Enhance or suppress UPC and hadronic 
contributions via correlations

ÅCoincidence with charged particle 

activity in forward and backward 

region (BBC) enhances hard 

interactions Ą asymmetries stay 

negative

ÅVeto enhances UPC contribution Ą

p+Alasymmetries already positive

Čstudy also the actual xF and PT

dependence for actual interplay
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PRL 120 (2018), 022001

Mitsuka PRC95 (2017) 044908 -

qualitative agreement in

polarized UPC model (MAID)Ralf Seidl: forward neutron ANs

http://arxiv.org/abs/arXiv:1703.10941
http://arxiv.org/abs/arXiv:1702.03834


RHIC Accelerator complex@BNL
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Å Polarized proton beams from �¾�Oof 62-510 GeV

Å up to 120 filled bunches, spin orientations alternating bunch-by-bunch in several predefined spin pattern

Å pA, AA collisions up to 200 GeV

Å Spin rotators around PHENIX and STAR to select long. or transversely polarized beams

Å Global (polarized H-jet, C targets) and local (ZDC) polarimetry


