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Abstract. We outline a plan for a detailed study of SlDtS hadron-mulLiplic ities (pion and kaon). 
The goal of this plan is to firmly establish the kinematic region over which SIDIS reaction 
can be reliably interpreted to the next-to-leading-order QeD in terms of parton distributions and 
fragmentation functions. 
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INTRODUCTION 

Jefferson Lab's 12 GeV energy upgrade will provide high intensity electron beam as 
a probe for a detail ed study of quark's behavior inside a nucl eon. Especially, the new 
facility will offer unique physics opportunities fo r investigations of quark tran verse 
spin and angular momentum (via Sivers fu nction) through semi -inclusive deep-inelastic 
scattering experiments (SIDIS). 

In SIDIS experiments , one of the leading hadrons in addition to the scattered lepton is 
detected, Since the leading hadrons from the remnant of the quark fra gmentation carry 
information about the struck quark 's flavor, detection of the leading hadron effectively 
"tags" the flavor of the struck quark. For example, the detection of a high momentum n+ 
in the fina l state effectively tags a u-quark. Therefore, SIDIS offers a unique opportuni ty 
for determining the quark-flavor and quark-spin contents of the nucleon. 

The most recent DOE's nuclear physics long range plan highli ghted the study of 
quark di stribution, tra nsversity and tran vers momentum dependent parton distributions 
(TMD) through SIOIS reactions. JLab- 12 GeV, especiall y with the large acceptance 
C LAS 12 detector, will provide many of these unique opportunities, among them are: 

• Transverse target single spin asymmetry measurements AUT (on polarized proton, 
deuteron and 3He) to provide constrain on quark transversity, the T-odd Colli ns 
fragmentati on fu nctions and the Sivers di stributions for u and d-qllarks , 

• Longitudi nal double-spin asy mmetry measurements ALL (on polarized proton, 
deuteron and 3He) to constrain quark helicity_ distribution for each quark flavor 
and to access polarized sea asy mmetry l1a -l1d. 

• Measurements of hadron azimuthal di stribution (cos(2¢)) on unpolarized targets to 
access quark spi n-orbi t correlation through the so-call ed Boer-Mulders functions . 



• Measurements of other azi muthal di stri butions in si ngle-spin and double-spin 
asymmetry to extract TMDs and access quark spin-orbit correlations , for example: 
COS (¢h - ¢s) in ALT and sin(2¢h) in AUL etc. 

• Measurem~nts of unpol arized SIDIS cross sections to access unpolarized sea asym­
metry u - d. 

• Measurements offragmentation functions of quark to :n:)K ,cv, p , K~ and ¢. 

The first step toward realizi ng thi s SIDIS program at JLab-12 G eY is to fi rmly estab­
lish the evidences that SIDIS reactions at JLab ki nematics can be re liably interpreted 
in terms of parton di stributi ons and fragmentation functi ons. Experimental evidences 
should be presented to address the following questi ns: 

• How do we know that the hard probe hit a quark ? 
• How do we know that the quark information is preserved through the fragmentation 

') 

A particle identification detector in CLAS 12 designed to provide n/ K separation to a 
momentum of 5 GeY/c will help us in the foll owing ways in SIDIS: 

• to cover a wide kinemati cs range in Zh to the excl usive limit. 
• to have the pion physics cl early identified without kaon conta imination. 

• to have the kaon physics isolated from that of the pion. 

• to provide clean accesses to other SIDlS channels, such as p, OJ, K~, <p etc. 

A MONTE CARLO STUDY: SIDIS WITH CLAS12. 

A detailed Monte Carlo simulation has been developed based on the LEPTO pr gram 
and the HERM ES simulation code with modi fications corresponding to the CLAS 12 
detector. The simulation is performed in two steps. First, for each beam energy and 
target, different reaction products are generated. Second, the events are read ba k by 
an analyzer wh ich adds on smearing effects on momentum and an gular di rections to 
produce histograms for each hadron species wi thi n the acceptances of CLAS 12 . 

SIDIS cuts are taken as Q2 > 1 GeV2, W > 2GeV and XF > O. The momentum for 
hadrons are requi red to be at least 1.0 GeY/c. For the invariant mass of the undetected 
system, W' > 2 .0 GeV is requ ired. 

T he estimation of SIDIS coincidence rates has the followi ng inpu ts: 

• Inclusive N(e,e') cross sections. 
• A nominal luminosity of 1035 cm- 2s- 1. 

• A LEPTO based Monte Carlo simulation which includes hadron decays. 

StatisticaJ wise, due to the relati vely high luminosity, every two hours of CLAS 12 
data is equ ivalen t to the HERMES 1996-2002 data sample. We can afford to bin data 
into a lO x lO x 10 3D-grid in (x, Q2, z) wi th Llx = 0 .05, ~Q2 = 0.5 Gey2 and ~z = 0.1. 
Physics production with a beam energy of 11.0 GeY ( 1000 hours), 8.8 GeY (250 hours) 
and 6.6 GeY (250 hours) each on unpolarized liquid hydrogen and deuterium targets are 
assumed. 



In Fig. 1, pi on multiplicities off proton and deuteron targets at one Q2 bin , Q2 = 2.5 
Gey2, are shown as function s of z for fou r x- bins corresponding to Eo = I I GeY together 
with the predictions of NLO QCD calculation [ I]. T he decreases along z are caused by 
the z-dependence of fragmentation fu ncti ons. 
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FIGURE 1. One example of z-dependence of pion multiplicit ies for bi n Q2 = 2. 5 Gey2. 1:.0= 11 Gey. 

The expected preci sion for measurements of the Q2-dependency of pion multiplicities 
in the x = 0 .4 bin are shown in Fig. 2 with data points from Eo = 11, 8.8 and 6.6 Gey. 
Data from the overlapping region, at the same x, z and Q2, will be extremely powerful in 
identifing effects from beyond NLO contri butions thus quant ify the "unexplai ned" parts 
of the SIDIS cross sections at lLab kinemati cs. 

With a reli able PID detector, charged kaon multipli cities (thus fragmentation func­
tions) and their x, Q2 and z-dependence can be studied in detail. An example of z­
dependency, in one Q2-bin, is shown in Fig. 3 in which a li mit of PK < 3.0 GeY/c has 
been appl ied. If a PID detector can provide a clean]f./ K separation up to 5.0 GeV/c, such 
as the RICH detector di scussed in this workshop, the avialable z range can be expanded 
by rv 60% coveri ng the kinematics Ii mi t of the K t\ production. 
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FIGURE 2. A zoomed-in view of Q2 dependence of pion multiplicities for bin ~ = 0,5 and x = OA, 
Eo=l 1,8.8 and 6.6 GcV 

CONSIDERATJONS FOR THE RlCH DETECTOR 

Based on our Monte Carlo simulations, a typical SIDIS n j K ratio is ill the order of 
10: I , In order to have the pion containmination supressed to the level of a few percent in 
the kaon sample, a minimum pion rejecti on factor of "-'250: j is req uired for the RICH 
detector. In our point of vi ew, the most exciting physics topic associated with the RICH 
detector in CLAS 12 is the target single-spin asym metry measurement in the SIDIS kaon 
production chan nels. Recent data from the HERMES experiment has revealed a much 
unexpected behavior of kaon SSA, with K - and K+ having the same sign in SSA. Si nce 
target SSA is a correlati on between the target transverse spin and the had ro n az imutha l 
djstri bution, a minimum ot two-sector RI CH detector on the opposite side is needed in 
order to clearly identify a physics asymmetry among the false asymmetries generated by 
lhe detctor's response, 



Proton - NLO K' 

0.2 Q 2.5 - - NLO K -

\ 

"' " ...... ~ , 

" 

"' "' 

Deuteron 

I .... , • 

-,,=0.2 )(.= 0,2 ''-.._ ... -._ .•. _._ .... . _ . 
Z> 0 1--------..--. --' --'.~'-=-.:.:' -:;:C' -=':'-=1- ' 1--.---.-----.---.--.,:-=:-=1 

:Q 
a. 
:2 0.2 

:::J 
:::E 
c 
o 
o 
~ 

o f---,--~ 

"' "' " 
!( = O~4' . 

..... ... -.- '-.-.-.-. . 
0.2 0.3 0~4 0.5 0.6 0.7 

FIGURE 3. One example of z-dependence of kaon multiplicities for bin Q2 = 2.5 Gey2, Eo= l l GeV 
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