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Introduction

e Very forward neutron production in pp collision

T ST ¢
® = * ® &3 mrad
D, magnet

high-energy, yet pQCD is useless (pT < 0.1 GeV/c)

e Mechanism?
Regge theory? P
— Pion exchange?
— Pomeron exchange & decay?
— Other reggeons?




Forward n cross section

E.g.. N. N. Nikolaev et al., PRD 60, 014004 (1999)
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OPE models seem OK. How about A?



How Ay IS produced?

 Need both helicity flip & non-flip amplitudes
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e In Regge theory
— Pion exchange gives

spin flip D <
— Non flip?
Other reggeons?

|
e Sensitive to mechanism P -6 > |




Past PHENIX result

Inclusive neutron

A, vs. P, for leading neutron
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Comparison with model
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« Pion-a, interference

— Good agreement with
data

1 ¢ Interference btw
spin flip/non-flip

* ] - small amplitude
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What's new
The first p™+A collision at \/syy = 200 GeV
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PHENIX Experiment
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Pioneering High Energy Nuclear Interaction EXperiment
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ZDC
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Shower Maximum Detector

« Arrays of plastic scintillators

e Position given as shower center
— position resolution ~1cm @ 50GeV neutron

mm
100 (A )

P
) 4 \
Y

150

Hadron
shower

11



and -south)

BBC

Quartz Cherenkov counter
2 identical parts (BBC-north

64 segments each.
Trigger on associated particles
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144.35 cm
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Ao =21
3.0<|n|<3.9
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Result

p'+A — n+X

Vs= 200 GeV ptAu ¢
x>0.5

0.3<6<2.2 mrad

# of proton  # of neutron

P 1 0
Al 13 14
Au /9 118

22% scale uncertainty not shown
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Surprise — huge
dependence on A

— Even sign changes
Simple n-a,
Interference predicts
small dependence

Mechanism? Why?
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Even more — BBC tagging
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e A, does change with

BBC tagging
— Hint for mechanism
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Speculation

« A Is still negative with BBC hits
— Or, large positive A, Is seen only when there is no hit BBC

* p & A are not (badly) broken
-> Diffraction? — common to pp
Ultra-Peripheral Collision?

one pi+ rapidity distribution

pi_one etz

— Entries 18
1000 — Mean 5.
~ RMS 0.7

800

UPC Monte-Carlo for n+rn*
- Small chance of detection |
in BBC “op
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Coulomb-Nuclear Interference
A

AN

v* exchange and Reggeon exchange can interfere
- may give positive A
v+ amplitude Is proportional to Z - significant for large Z

oL
A —— This gives negative Ay,

and those two do not
Interfere
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Todos — for further studies

» Cross section 'E 14000 LHCf Preliminary '
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* Any other mechanism?
— We are discussing with theorists

—Your inputs are welcome!
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Summary & Perspective

Single spin asymmetry of forward n

— The first measurement with (transversely) polarized proton
with nuclei (Al and Au), in addition to p+p data.

Surprising behavior of Ay with A
— Inclusive Ay(pAu) ~ —3xA\(pp); opposite sign
— Rather small dependence with BBC tagging

Mechanism?
— Hint from BBC tagging

— We are suspecting contribution of Ultra-Peripheral collisions

— To be quantitative? Other mechanisms?
We are discussing with theorists

Your inputs are welcome!
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Backup slides
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Why spin phenomena?

e Let's take single spin asymmetry A, for example:

— Left-right asymmetry (forward = beam direction,
up = spin direction)
Left
B =0
el x>0
pt s

O, —0g
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The Relativistic Heavy lon Collider
accelerator complex
at Brookhaven National Laboratory




RHIC p+p accelerator complex
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Even more — BBC tagging
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e A, does change with

BBC tagging
— Hint for mechanism
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