
Physics with Single Muons
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– Light & heavy hadrons
– Heavy Ion & Spin Physics



The origin of muons
• Free decay before nose 

cone, light & heavy 
hadrons

• Decay inside nose cone
• Decay after nose cone
• Punch-throughs
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Selected Physics Topics
• HI

– Rcp, RdA, RAA @ forward(backward) rapidity
• Parton Distributions, CGC
• Energy loss/multiple scattering, QGP

– Leading particle and Jet 
• Reaction plane : BBC/MVD/ZDC

– Open Charm/Beauty
• QGP enhancement
• Baseline for J/Psi etc.

• SPIN
– Polarized gluon distribution 

• Light mesons
• Open charm

Run3 pp stat.

Muon Pt



Physics @ large rapidity
• Different “x” range: 

initial state
– (anti)shadowing/CGC

• Final state scattering: 
energy dependent
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Rcp w/ light hadrons (QM04)
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CGC and Open charm at large rapidity
• Gluon saturation/CGC

• PHENIX forward 
prompt muons
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R_AA @ large rapidity (AuAu)
RAuAu =

NAuAu

NppNcoll
• Energy loss and medium density
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Medium Final state effects
• Reaction Plane (AuAu): MVD/BBC
• Work in progress (Ben’s talk)
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SPIN Physics
• Light & heavy hadrons
• Need people to carry on 

the analyses σ
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Heavy Quark Production and G(x)

• Gluon’s x range
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Experimental Challenge

• Stopped hadrons
• Muons from light meson decays
• Muons from heavy hadron decays

– Hadron punch-throughs (Chun, Youngil’s talks)
– Full MC, Data Driven, semi-analytical (Ken’s talk)

• Understanding Detector performance
– Muon reco performance (Xiaorong’s talk)
– Triggers: BBC & BLT 
– Collisions vertex distributions (WooJin’s talk) 

• New ideas
• Heavy flavors with “dimuon” – Pt  (Ming et al)
• Event kinematics (Mikhail et al)
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Measurement of Stopped Hadrons

Stopping power:
Use shallow MuID absorber
layers to select stopped
hadrons

for Ptot > 1.9GeV: 
muon contamination < 3%
(Chun’d talk)

Hadronic tail

Muon peak



Muons from Light Meson Decays

• Muon event collision 
vertex distribution )1()(),,()(~ λµ
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Open Charm/Beauty
• Understanding light hadron punch-thoughs

• Single muons – in progress (Youngil/Ken’s talk)
• Dimuons – in progress (Sebastien’s talk)
• e-mu correlation – in progress (Philippe, Rob)
• Some new ideas

– Dimuon-jet correlation
– Event kinematics
– K-mu correlation – some simulations done
– K-e correlation – some simulations done



New ideas

• Understanding hadron punch-through
– Detailed sims + X-check w/ realdata

• New ideas
– “Dimuons” = muon+”jet” correlation
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open charm
From Mikhail

charm predominance

minimum bias



Summary
• A lots of interesting & urgent topics

– Rcp: light hadron/meson  (done)
– RdA: pp & dA
– RAA: pp & dA & AuAu
– Reaction plane: AuAu
– Open charm/beauty
– Spin : A_LL - light and heavy  in progress

• Tools:
– Light hadron measurements – pretty mature
– Heavy – in progress

• Need more people to jump into the analysis!



PISA simulations (GHEISHA)

• Hadrons w/o inelastic 
nuclear interaction 
with nose cone 
absorber
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Pi(-)+A cross sections
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SPIN - Heavy Quarks
• Heavy Quark production at 200 GeV

• Distinct Experimental signatures
– high Pt lepton
– 2nd vertex

• Large asymmetry and pQCD
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Heavy Quark and Quarkonium @PHENIX

• Exp. Signatures
– full reconstruction

• D
• J/Psi

– semi-leptonic decay
• BR ~10% (c, b)

– charge correlation
– Long lifetimes*

• 2nd VTX (Upgrade 
Plan)
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