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SIDIS @ CLAS12: 
Extracting  at large d/u xB
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•Describes probability of producing hadron  

at energy fraction  by scattering off 
of quark 


•Non-perturbative part of cross section

•UNIVERSAL!

Dh
q(z) ≡ Fragmentation Function

h
z = Eπ /ω

q
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With CLAS12, we can map unfavored to 
favored fragmentation ratio as function of 

Q2, xB, z, etc .
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Using RG-B inbending 
deuterium data at 

Ebeam = 10.2 ,10.4, 10.6 [GeV]

•  
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W > 2.5

y < 0.75
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1.25 < pπ < 5

1.7 < MX < 5

.3 < z = Eπ /ω < 1

Electrons Pions
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Challenges @ CLAS12

1. Fully accounting for CLAS acceptance

2. Diffractive vector meson ( ) 

subtraction
ρ0



Matching Phase Space
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Yπ+(pπ+, θπ+, ϕπ+)
Yπ−(pπ−, θπ−, ϕπ−)

What we measure



Matching Phase Space

17

Yπ+(pπ+, θπ+, ϕπ+)
Yπ−(pπ−, θπ−, ϕπ−)

What we measure

π+

π−



Matching Phase Space

18

Yπ+(pπ+, θπ+, ϕπ+)
Yπ−(pπ−, θπ−, ϕπ−)

Yπ+(p, θ, ϕ)
Yπ−(p, θ, ϕ)

What we measure What we want

π+

π−



Matching Phase Space
Use a 10% threshold cut to identify good regions for both  and  in  and π+ π− pπ θπ
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What about ?ϕπ, ⃗pe

2.75 < pπ < 3.25 [GeV]
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Yrec kin,acc event[
Ygen kin,acc event

Yrec kin,acc event ][
Ygen kin,gen event

Ygen kin,acc event ] = Ygen kin,gen event

What we measure What we want
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We use Monte Carlo to go from yields to cross section ratios 
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Bin Migration 
Correction

Acceptance 
Correction

We use Monte Carlo to go from yields to cross section ratios 
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We use Monte Carlo to go from yields to cross section ratios 

• Generator: CLADIS, a DIS generator with hadronization based on Lund-
string model


• Monte Carlo: GEMC, a GEANT based detector simulation

Torbjorn Sjostrand



Corrections significantly cancel in cross section ratio
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Diffractive vector mesons are a major background
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(M(e′￼,π+π−)
X )2 = |q + mN − pπ+ − pπ− |2 > 1.25 [GeV2]

Two possibilities:

1. Detect both pions Directly 

subtract

2. Detect one pion Estimate 

contribution by  studying detector 
acceptance with rotated events


→

→

Data driven approach to subtracting the ρ0
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                        2π Invariant Mass [GeV]

Data driven approach to subtracting the ρ0
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(M(e′￼,π+π−)
X )2 = |q + mN − pπ+ − pπ− |2 > 1.25 [GeV2]

Two possibilities:

1. Detect both pions Directly 

subtract

2. Detect one pion Estimate 

contribution by studying detector 
acceptance with rotated 2  events


→

→

π

Data driven approach to subtracting the ρ0



Vector Meson Reweighting

1. Identify diffractive VM events with 


2. Estimate contribution of 1  diffractive VM events using quasi-events 
produced by randomly rotating about the beam axis and  vector 

• Determine if  detected in each quasi-event 

3. Reweight events with factor 

(M(e′￼,π+π−)
X )2 < 1.25 [GeV2]

π
q

0π, 1π  or 2π

wVM = 1 +
1π quasi-events
2π quasi-events
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(M(e′￼,π+π−)
X )2 = |q + mN − pπ+ − pπ− |2 > 1.25 [GeV2](M(e′￼,π+π−)
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1. Identify diffractive VM events from  with 


2. Estimate contribution of 1  diffractive VM events using quasi-events 
produced by randomly rotating about the beam axis and  vector 

• Determine if  quasi-event 

3. Reweight events with factor 

2π (M(e′￼,π+π−)
X )2 < 1.25 [GeV2]

π
q

0π, 1π  or 2π

wVM = 1 +
1π quasi-events
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Vector Meson Reweighting
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Impact of subtraction on cross section ratio
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Preliminary Results
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Our Data from CLAS12
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Binning in  shows consistency with JAMxB
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Binning in  shows independence at low to moderate Q2 z
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Summary
• We have extracted the leading order unfavored-to-favored pion fragmentation 

functions, with full acceptance accounting and vector meson subtraction


• We have performed multi-dimensional binning of this observable

• Submit analysis note


• Finish analysis of the proton cross section ratio


• Combine these two analyses to extract !d/u

Outlook

Questions?
40



Backup
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Vector Meson Subtraction 
Constructing VM sample

• VM decay is isotropic Identify in each event an analysis  and a tagging  

• Choose  as tagging pion to minimize DIS contribution to sample


• IF a good analysis  is unavailable, check if  is detected outside of  
acceptance to use as tagging pion to ensure that tagging pions sweep the 
entire  space


• Subtract this sample from both  and 

→ π π

π+

π− π− π+

θ

Yπ+ Yπ−
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Kinematic Reach
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 DependenceMX
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 DistributionspT
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Kaon Contamination with the RICH
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Kaon Contamination with the RICH

• PID efficiency 
calculated as




• 


•

ϵh =
N(EB h |RICH h)

N(RICH h)

Nphe ≥ 3

RQ = 1 −
LLfirst

LLsecond
> .35
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