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Why forward lepton(u)?

1 Experimental

> Probe of rare signals
— Forward?

> Completes measurement at
mid—-rapidity ( unique to PHENIX
at RHIC )
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Heavy flavor to leptons? = Major
source of hard prompt leptons

Semi—leptonic decays contribute to single lepton spectra!

measurement

D




Hard Processes?

Factorization theorem

do [A+B>HAX] =%, [ ®(  ®do [j>cC+X] ®

<
mﬁl_g O W charged hadrons

A - _ -
do [ij—>cc+X] : parton cross section |EEECEEEEEE

Application to nuclei:

£~ 79, +118f, ~197f

i/
f s fi/n ~ 2 fi/N

ya ™ L

Binary scaling not working

for high pt particles in central AuAu collisions
PHENIX: PRL, 91, 072303 (2003)
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HENIX

Optimized for
Rare probes

MULTIPLICITY/VERTEX
DETECTOR

o
Ou*, h: forward arms W ey | N ==
0 measurement range: , N e
12<n|<24
p=>2GeVic

ELECTROMAGNETIC
CALORIMETER

two forward muon spectrometers




Acceptance

N
PH:- <ENIX Acceptance

n Electron

2+ Photon




PHENIX Detector
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How to separate
signal/background?
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Ll-measurement, Sources

[dentifier Tracker Absorber

Collision

Collision vertex range

Symbols

> >
Absorber Detector Muon Hadron

: Hadrons, interacting and absorbed (98%),

: ChargedB t/K's, “decaying into u” before absorber (<1%),
: Hadrons, penetrating and interacting (“stopped”)

: Hadrons, “punch-through”,

: Prompt p,“desired signal”




Decay us & Punch-throughs?



Ll-measurement, Sources

[dentifier Tracker Absorber

Collision

\

‘ Zeoll Zeoll Zeoll
Collision vertex range
mbol
Symbols > >
Absorber Detector Muon Hadron

2 : Chargedi® t/K's, “decaying into n” before absorber (<1%),



u—measurement, Signal composition

Composition of invariant multiplicity at low p,, The T
30 '
p, = 1.0-1.2 (GeV/c)

Data
Generator
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Generator ( Decay u + punch-through )
1. Laght hadron measurement by PHENILX central arm (y = 0)
2. Gaussian extrapolation in rapidity to muon arm acceptance (0= 2.5)

3. Simplified spectrometer geometry.
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Decay 1 spectra

p+p @Vs=200GeV, n =1.65 RUN2 FINAL

¥%/DOF = 8.79/9 1%DOF = 11.9/9
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10 data points for W" and for W correspond to the slopes for 10 pbin (1 < p < 1.2,
1.2<pp<14,...,28 <pp<3.0Gel/c). Each slope represents amount of decaying light
hadrons, and good match occurs between the generator prediction and the measurement up to absolute

normalization (5%). Hence we can determine decay | component precisely.




Ll-measurement, Sources

[dentifier Tracker Absorber

Collision
3 1
4
Collision vertex range
Symbols > >
Absorber Detector Muon Hadron

1 : Hadrons, interacting and absorbed (98%),

3 : Hadrons, penetrating and interacting (“stopped”)
4 : Hadrons, “punch-through”,



Flux of hard muons in u spectrometer

T yagon

Reconstructed
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Large momenta to reach
the last Muld layer, but
hadron interaction in the
last absorber layer to stop
before last Muld layer.

Charge * momentum, tracks with DEPTH4

Stoppingf.
¢ tracks |



Forward u proauction,
o+o & Au+Au @ 200A Gel/



Obtained prompt u spectra

v = 1.65, p+p @ Vs = 200 GeV, RUN2 FINAL
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Data/FONLL

p+p > UL+ X (y=-1.6Ns=200GeV)
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u* & NMF, d+Au at Vs,,, = 200 GeV

2 d+Au—» pu+ X
1 d o #

2x197 dp,dn South : Au-going direction,
d>o?roeX North : d-going direction
dp,dn

RdAy (pT 3??) =

Decay /s ( from light hadrons ) Prompt (/s ( from heavy quarks )
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Decay u, Au + Au @ sw =200GeV

Differential multiplicity for decay us vs p; - AutAu @ \IS_N'.,:ZOOGeV Nuclear Modification Factor R , vs N, - AutAu @\IS_NN=20{} GeV
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Inclusive ( Decay/Prompt u &
Punch—-through ), v,

T T T
PHENIX preliminary
1.2 < || < 2.0 Au+Au \s,, = 200GeV

& 10~30% Centrality
& 30~60% Centrality
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Conclusion & outlook

1 New forward lepton measurements are
emerging at FHIC.

1 Study of forward light’heavy flavored haaron
proauction 1s possible from the measurement.

a8 FONLL unaerpredicts forward prompt lepton
proauction within marginal significance.

1 First (limited) results on R, Rqpand v,
shown.



Backup



Signal/Background

(-)-ly charged track production at n =-1.65
Decay u fromm, K
Punch-through

Prompt 1 ( signal )
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Sources of U candidates
1. Decay pui’s is important at all p
2. Punch-through is small, but important due to large uncertainty.
3. Prompt p signal comparable to decay pt when p ~ 2(Gel”/¢).



