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Abstract

Hadron production in Semi-Inclusive Deep Inelastic Scattering (SIDIS) is generally
studied in the Current Fragmentation Region, where the detected hadron originates
from the struck quark. Conversely, in the Target Fragmentation Region (TFR), the
hadron is produced in the fragmentation process of the target remnants. Here, the
SIDIS process can be described trough the so-called Fracture Functions, which repre-
sent the joint probability of producing the final hadron from the target remnants when
a parton of the target nucleon is struck by the virtual photon in a hard scattering
process. Like the ordinary parton distribution functions, the Fracture Functions are
universal objects, thus they can be measured in one experiment at a given hard scale
and then used to make predictions for other experiments, at another hard scale.

We propose a study of these functions in the SIDIS electroproduction of Λ on a
proton target, ep → e′ΛX. This process has two main advantages: (i) the TFR can be
cleanly identified and (ii) the weak decay Λ → pπ− provides a way of measuring the
final hadron polarization, allowing access to all the relevant Fracture Functions. The
TFR will be identified through the cut on the Feynman-x variable xF < 0. The main
focus of the proposal will be the measurement of the longitudinal spin transfer from the
polarized beam to the Λ, which is sensitive to the ∆ML Fracture Function, represent-
ing the probability of having a longitudinally polarized quark when a longitudinally
polarized hadron is produced. Since the Λ spin mainly due to its strange quark, mea-
surement of the Λ polarization can also provide information on the strange sea quark
polarization in the nucleon. Measurements of the Lambda multiplicity will provide
information on the unpolarized Fracture Function M . The study of its Q2 dependence
also will test the perturbative framework implied by Fracture Functions, simultane-
ously encoding the information on the interacting parton and on the fragmentation of
the spectator system.

The measurements will be performed in the Hall B. We will use the 11 GeV po-
larized electron beam on an unpolarized hydrogen target and the CLAS12 detector to
detect the scattered electron together with the proton and the pion from the Λ decay,
with large coverage in the relevant kinematic variables. The CLAS12 central detector
in particular will extend the detection of the low energy decay pion at large angles.
The measurement will run simultaneously with the other approved experiments with
unpolarized hydrogen target, thus no additional beam time is required.
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1 Introduction

The spin structure of the nucleon has been of central interest since the EMC [1] measure-
ments implied that the helicity of the constituent quarks accounts for only a fraction of the
nucleon spin. This so-called “spin crisis” was subsequently confirmed by a number of other
experiments at CERN [2], SLAC [3, 4], HERA [5, 6] and JLab [7]. Possible interpretations of
this result include a significant polarization of either the strange sea (negatively polarized)
or the gluons (positively polarized). The contributions to the sum rule for the total helicity
of the nucleon include the following:

1

2
=

1

2

∑

q

∆qval + ∆qsea + Lval
z + Lsea

z + Lglue
z + ∆G,

where ∆q, Lz and ∆G are respectively the quark helicity, the orbital angular momentum of
all partons, and the gluon helicity.

One of the most remarkable results from semi-inclusive deep inelastic scattering (SIDIS)
studies is the measurement by the HERMES collaboration of ∆s being consistent with zero
[5, 6], in contrast to expectations of ∆s ≈ −0.1 from DIS measurements. The origin of this
negative sea polarization is likely nonperturbative and still has to be understood.

The analysis of QCD sum rules indicates that the condensate of s̄s pairs in the vacuum
is not small, but is comparable with the condensate of the light quarks [8]. The strong
attraction in the spin-singlet pseudoscalar channel may induce correlations between valence
quarks from the proton wave function and vacuum antiquarks with opposite spins. Po-
larization measurements provide sensitive tests of models of strong–interaction dynamics.
Measurements of the Λ polarization in SIDIS provide an important probe of the strange sea
in the nucleon [9, 11] and may shed light on the proton spin puzzle. The advantage of de-
tecting the Λ in the final state lies in the fact that its weak decay into pπ− is self-analyzing.
It can be used as a s quark polarimeter since the polarization of the Λ is defined by the
polarization of its s quark.

Most of the Λ particles in the CLAS12 kinematics are in the Target Fragmentation Region
(TFR) of DIS, which also carries interesting information about the spin and flavor structure
of the nucleon but is still poorly understood and has not been studied systematically in
experiments.

The main physical question in the TFR is how the diquark-like remnant system after
the DIS process dresses itself up to become a full-fledged hadron, i.e., by which mechanism
are the quark-antiquark pairs restoring color neutrality produced, and how this process is
correlated with the spin of the target or/and the produced particles. In electroproduction, the
polarized lepton emits a virtual photon with non–zero longitudinal polarization, which in turn
selects preferentially one polarization state of the struck quark. The opposite polarization
of a remnant s̄s pair can again be transferred to the final–state Λ polarization, with the
efficiency extracted from eN collisions. After removing a polarized scattered quark from
an unpolarized nucleon, the remnant diquark may combine with an s quark, which could
originate from the nucleon sea or from a color string between the diquark and the scattered
quark to form a Λ hyperon (see Fig. 1).

Significant polarization effects (∼ 15−20%) have been predicted in Intrinsic Strangeness
Model (ISM) for Λ production in the TFR in deep-inelastic scattering [10]. The sign of the
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Figure 1: Dominant diagram for Λ production in the target fragmentation region due to
scattering on a valence u quark (left) and the Λ decay kinematics (right).

polarization of Λ hyperons produced in the DIS of polarized charged-lepton off unpolarized
nucleon depends on the sign of the beam polarization and was predicted to be positive for
the positive lepton helicity.

The polarization of Λ hyperons in the target fragmentation region of DIS has also been
considered in the meson cloud model [11]. Due to the pseudoscalar nature of the NKΛ cou-
pling, the polarization of final-state Λ hyperons was predicted to be strongly anticorrelated
to that of the nucleon, thus vanishing for an unpolarized target.

Few experiments in SIDIS kinematics have measured the polarization transfer to Λ and
Λ̄, see Fig. 2, left and right plot respectively. The NOMAD experiment [12] used neutrino
beams, while SLAC [13], Hermes [14] and COMPASS [15] used charged lepton beams. For
the Λ, NOMAD is the only experiment that explored both the TFR and CFR. They found
an enhancement of the polarization in the TFR (PΛ = 0.21 ± 0.04(stat) ± 0.02(syst) for
xF < 0) with respect to the CFR (PΛ = 0.09 ± 0.06(stat) ± 0.03(syst) for xF > 0).

2 Λ production in the target fragmentation region and

Fracture Functions

There is very little experimental data in the SIDIS target fragmentation region and a quan-
titative description of process occurring in this region of phase space relies on fragmentation
models [16], although it is a potentially rich source of information on the properties of
hadronization of the spectator system emerging from the hard collision. Its fragmentation is
expected to be rather different from the hadronization mechaninsm of partons in the QCD
vacuum, as for example in the DIS current fragmentation region, or e+e− annihilation.

It has been known for a long time [17] that the longitudinal momentum spectrum of
particles produced in target fragmentation region exhibits some peculiar features that can
be qualitatively accommodated within simple phenomenological rules. Only initial state
particle whose valence-like parton content is almost conserved in the scattering can be the
”leading” particle in the final state, i.e. carrying a substantial fraction of the incoming
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hadron momentum. In fact, in ep interactions no leading particle effect is observed in the
semi-inclusive production of mesons [20, 19] (see as an example Fig. 3) and recently confirmed
also by CLAS results for π+ [18], see Fig. 4. The differential cross-sections dσ/dxF rapidly
fall off at large and negative xF .

However, for baryon production, and in particular for Λ, a clear excess of yield with
respect to mesons has been measured [19] for xF < 0, as shown in the left plot of Fig. 3 A
typical distribution in the target fragmentation region is of the type

dσ/dxF ∝ (1 − |xF |)
n (1)

with n > 0. Such behaviour has been also observed in the old semi-inclusive Λ production
data measured at HERA [20] in a much lower beam energy range, comparable with the one
of JLab.

In the context of pQCD, a quantitative study of Λ production in the target fragmentation
region can be performed by using the formalism of Fracture Functions M(xB, ζ) [21]. These
distributions represent the probability of finding a parton of flavour i with fractional momen-
tum xB and a hadron h with fractional momentum ζ of the target nucleon N , respectively.
Factorization theorems [22, 23] guarantee that Fracture Functions are universal distributions,
at least in the context of SIDIS, and this fact constitutes a solid basis for phenomenological
analysis. With respect to ordinary parton distribution functions, whose evolution is driven
by the well known Altarelli-Parisi equations, these distributions obey a modified evolution
equations [21], which take into account the different structure of collinear singularities in
the target fragmentation region. Fracture functions do combine non-perturbative aspects
of spectator fragmentation with well known behaviour of the evolution of the active parton
which undergoes the hard collisions. Within this framework, higher orders for semi-inclusive
unpolarized and polarized DIS have been calculated in Refs. [24, 25, 26] and asymmetries
involving fracture functions has been studied in Ref. [27].

Figure 2: Experimental measurements of the longitudinal Λ polarization transfer in SIDIS
kinematics from NOMAD [12], SLAC [13], Hermes [14] and COMPASS [15] experiments.
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Figure 3: Feynman x distributions normalized to the number of scattered muons measured
by EMC [19] for positive and negative hadrons. (a) π+, K+, p and Λ, (b) π−, K−, p̄ and Λ̄,
(c) K− and (K0+K̄0)/2. The curves represent the predictions of the Lund model.

The fracture functions were originally introduced in the collinear limit and, in analogy
with the Transverse Momentum Dependent (TMD) Parton Distribution Functions, they have
been extended to include transverse momenta [28], although for these extended functions
the factorization theorem has not yet been proved. The classification of all the leading-twist
extended Fracture Function has been provided [29, 30].

3 The polarization of the Λ in semi-inclusive produc-

tion

The kinematics of the SIDIS process

e(l)p(pN) → e′(l′)Λ(p)X(pX) (2)

is represented in the Fig. 5 in the γ∗p center of mass reference frame. The incoming and
scattered electrons define the electron scattering plane, while the virtual photon and the Λ
define the reaction plane. The azimuthal angle φ is the angle between these two planes,
calculated according to the Trento convention [34].

The polarization of the Λ is defined in its rest frame. The coordinate system in this frame
is the (x̂, ŷ, ẑ) system of Fig. 5, with the longitudinal axis ẑ parallel to the virtual photon
direction, ŷ normal to the electron plane and x̂ = ŷ × ẑ.

In the SIDIS process, the polarization of the Λ (or of any spin-1/2 baryon) can be
predicted on the basis of very general considerations. In fact [35], the hadron polarization
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Figure 4: The xF -dependence of the structure function H1 + ǫH@ measured by CLAS for π+

[18] at Q2 = 2 (GeV/c)2 and xB = 0.26 at different values of the transverse momentum pT .

dependent part of the SIDIS cross section can be written as

(

dσ

dΩe′dΩΛdEe′dMX

)

pol

∝ SµP
µ
Λ (3)

where Sµ = (1, Sx, Sy, Sz) is the spin projector operator in the (x̂, ŷ, ẑ) frame and P µ
Λ

represent the Λ polarization. The cross section has to be a Lorentz scalar, invariant under
parity transformation and linear in the spin. Thus, the possible scalar quantities that can

Figure 5: Kinematic plane of the ep → e′ΛX reaction in the γ∗Λ center of mass reference frame.
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be built from the available 4-vectors are (neglecting the target polarization):

σ1 ∝ ǫµναβSµlνpα
Npβ (4)

σ2 ∝ ǫµναβSµl′νpα
Npβ (5)

σ3 ∝ ǫµναβSµlνl′αpβ (6)

σ4 ∝ ǫµναβSµlνl′αpβ
N (7)

where ǫµναβ is the totally antisymmetric tensor with ǫ0,1,2,3 = +1.
After some algebra and isolating the coefficients of Sµ, the three components i = x, y, z

of Λ polarization PΛ can be split into two components: the ”induced” polarization, which is
independent of the beam polarization, and the ”transferred” polarization, which is dependent
of the beam polarization

PΛ,i = P I
Λ,i + hP T

Λ,i (8)

being h the helicity of the incoming electron.
The induced part is given by

P I
Λ,x = Cs

x sin φ + Cs2
x sin 2φ (9)

P I
Λ,y = C0

y + Cc
y cos φ + Cc2

x cos 2φ (10)

P I
Λ,z = Cs

z sin φ + Cs2
z sin 2φ (11)

while the transferred part is given by

P T
Λ,x = D0

x + Dc
x cos φ (12)

P T
Λ,y = Ds

y sin φ (13)

P T
Λ,z = D0

z + Dc
z cos φ (14)

All the 7+5 coefficients Cm
i and Dm

i are (unknown) functions of all the relevant kinematics
variables like Q2, xB or ζ.

4 The cross section of the SIDIS production of polar-

ized Λ

From the kinematic point of view, referring to the momenta defined in eq. (2), the SIDIS
process is described by the invariants

xB =
Q2

2pN · q
(15)

y =
pN · q

pN · l
(16)

zΛ =
pN · p

pN · q
(17)
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W 2 = (pN + q)2 (18)

being q = l − l′ the virtual photon 4-momentum and Q2 = −q2. In the Fracture Function
formalism, the variable zΛ is usually replaced by the variable ζ = zΛ(1−xB). The production
of a hadron h in the final state can originate from the struck parton or from the target
remnants, so that

σ = σCFR + σTFR (19)

These two contributions are schematically represented in Fig. 6.
The separation between CFR and TFR is done by means of the Feynman variable xF =

2pCM
‖ /W (here pCM

‖ is the projection of the Λ momentum on the virtual photon momentum
in the γ∗p center of mass frame): hadrons with xF > 0 are produced in the CFR while
hadrons with xF < 0 are produced in the TFR. Additional cuts on zΛ or ζ may be used to
further suppress the target fragmentation contribution for xF > 0.

In the CFR, the SIDIS cross section can be written in terms of Transverse Momentum
Dependent (TMD) parton and fragmentation functions, and, after integration of all the
transverse momenta, following ref. [29], we have

dσCFR

dxBdydzΛdφSdφ
=

α2
em

πQ2y

∑

a

e2
a

{(

1 − y +
y2

2

)

[

f1(xB)G1(zΛ) + SN‖S‖g1(xB)G1(zΛ)
]

− (1 − y) |SN⊥| |S⊥|h1(xB)H1(zΛ) cos (φ + φS)

+hy
(

1 −
y

2

)

[

SN‖g1(xB)D1(zΛ) + S‖f1(xB)G1(zΛ)
]

}

(20)

where SN is the target nucleon spin and φS the azimuthal angle of its transverse component,
S is the Λ spin, f1, g1 and h1 are the leading twist parton distribution functions, D1, G1 and
H1 are the leading twist fragmentation functions and the sum runs over the quark flavours a

Figure 6: Semi inclusive production of the hadron h in the current (a) and target (b) frag-
mentation regions.
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with electric charge ea (note that in the distribution and fragmentation function the flavour
index has been omitted).

In the TFR, the Fracture Function expression of the cross section, after transverse mo-
menta integration, can be written as [29]

dσTFR

dxBdydζdφSdφ
=

=
α2

em

πQ2y

∑

a

e2
a ×

{(

1 − y +
y2

2

)

[

M(xB, ζ) + SN‖S‖M
L
L (xB, ζ) + |SN⊥| |S⊥|M

T
T (xB, ζ) cos (φ − φS)

]

+hy
(

1 −
y

2

)

[

SN‖∆ML(xB, ζ) + S‖∆ML(xB, ζ)+

+ |SN⊥| |S⊥|∆MT
T (xB, ζ) sin (φ − φS)

]}

(21)

Here, the six fracture functions (for each quark flavour a) depend on the Bjorken variable xB

and on the variable ζ which represents the fraction of the nucleon longitudinal momentum
carried by the final hadron. There are three sets of fracture functions, namely M , ∆M
and ∆T M for unpolarized, longitudinally or transversely polarized quarks, the latter not
contributing to the SIDIS process. Each fracture function can have a subscript L or T
for longitudinally or transversely polarized nucleon target, and similarly for the superscript
referring to the final hadron polarization. While in the CFR there is only one azimuthal
modulation of the type cos(φ + φS), in the TFR two modulations are present: the first is
a cos(φ − φS) and involves unpolarized quarks and the second is sin(φ − φS) and involves
longitudinally polarized quarks. The measurement of non-zero modulations of this type
would be a clear evidence of a target fragmentation process.

Neglecting the target polarization (hence integrating over φS), the 4-fold differential cross
sections of eqs. (20,21) can be written as

dσ

d ~X
= σ0

(

1 + hS‖ALUL

)

(22)

where σ0 is the unpolarized (CFR or TFR) cross section and the spin-dependent terms ALUL

(with the three subscripts refer to unpolarized (U) or longitudinally polarized (L) beam,
target and final hadron) are given by

ACFR
LUL = hS‖

y
(

1 − y

2

)

∑

a e2
af1G1

(

1 − y + y2

2

)

∑

a e2
af1D1

(23)

and

ATFR
LUL = hS‖

y
(

1 − y

2

)

∑

a e2
a∆ML

(

1 − y + y2

2

)

∑

a e2
aM

(24)

The kinematic factor D(y) = y(1 − y/2)/(1 − y − y2) is the depolarization factor and
accounts for the polarization transfer from the initial electron to the virtual photon. No
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φ modulation are contributing, because they arise from the correlation between the target
and Λ spins. By comparing with the general expression of the Λ polarization in SIDIS, eqs.
(9-14), we see that at leading twist the only non zero term is D0

z , all the remaining terms
vanishing after integration over transverse momenta or being higher twist.

Unfolding from eq. (24) the beam polarization and the depolarization factor, one can
obtain the polarization transfer coefficient

DLL =

∑

a e2
a∆ML

∑

a e2
aM

(25)

Detection of the forward going Kaon, produced in the current fragmentation region com-
bined with detected Lambda in the target fragmentation region in case of a longitudinally
polarized lepton beam may provide access to fracture functions of longitudinally polarized
quarks inside the unpolarized nucleon [30, 31]. The observation and measurement of the
predicted azimuthal dependences in the TFR would allow the extraction of the fracture
functions, similarly to what is being done for TMDs in the CFR.

5 Studies with CLAS at 5.5 GeV

The Λ longitudinal polarization transfer in SIDIS process has been measured using the e1f
data set taken with the CLAS detector. The electron beam had energy of 5.5 GeV and
average polarization PB = 0.74 ± 0.03 and was scattered off an unpolarized, 5 cm long,
liquid hydrogen target.

The Λ particle was detected through its charged decay Λ → pπ−, and the two hadrons,
together with the scattered electrons, were detected in CLAS. The DIS region was selected
through the cuts Q2 > 1 GeV2 and W 2 > 5 GeV2. The invariant mass distribution of the
proton and pion is shown in Fig. 7 and the signal region is defined by the cuts M ± 3σ.

The missing mass of eΛX events is shown in Fig. 8. A prominent peak of exclusive
eΛ(K+) can be seen, accounting for about 30% of the total produced Λ. After this exclusive
peak, there is a broad distribution of events, with a smaller peak at MM ≈ 0.9 GeV
corresponding to the exclusive eΛ(K∗(890)+) events. The latter events contribute to about
10% of the total statistics.

Because of the large contribution of the eΛ(K+), which are most likely to have been
produced through different mechanisms than that described by the Fracture Functions (for
example GPDs), the final sample of inclusive Λ events were selected by a cut MM > 0.65
GeV. Nevertheless, the missing mass dependence of the measured polarization has been
studied.

Monte Carlo simulations of the process have been performed using the clasDIS [38]
generator, which is based on the PYTHIA and JETSET [39] simulation codes. Some of the
parameters of the JETSET part of the code (governing the fragmentation of the quarks into
the final hadrons) have been tuned by comparing with the experimental distributions. The
CLAS response has been simulated through the GSIM simulation code, calibrated for the
e1f data set. Good agreement between data and Monte Carlo has been obtained for several
kinematic distributions, as shown in fig. 9.

11



The Λ polarization can be directly measured through the angular distribution of its weak
decay Λ → pπ−. In fact, the proton angular distribution can be written as

dN

d cos θ∗p
∝ 1 + αPΛ cos θ∗p (26)

Figure 7: Invariant mass of proton and π− for epπ−X events.

Figure 8: Missing mass of ep → eΛX events after DIS cuts.

12



where θ∗p is the proton emission angle in the Λ rest frame and PΛ the Λ polarization, both
projected onto the relevant axis in the frame described in Sect. 3.

The only non-zero leading-twist component of the polarization (see eq. (14)) is pro-
portional to the beam helicity, thus it can be easily extracted measuring the Beam Spin
Asymmetry. In a given cos θ∗p, one can define the asymmetry

A =
N+ − N−

N+ + N−
(27)

and then a linear fit in cos θ∗p provides the slope of the dependence in eq. (26).
The (preliminary) measured polarization transfer coefficient DLL as a function of xF

is shown in Fig. 10. We see a quite large polarization, up to about 30% in the target

Figure 9: Comparison between experimental (black points) and Monte Carlo (red histogram)
distributions for several kinematics quantities for eΛX events after DIS and missing mass cuts
measured with 5.5 GeV electron beam at CLAS.
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fragmentation region (xF < 0), while the polarization is consistent with zero, even if with
large error bars, in the current fragmentation region (xF > 0). In the TFR, the results are
systematically higher but, within the errors, consistent with the ISM predictions [10].

Figure 10: Longitudinal Λ polarization transfer coefficient as a function of xF measured with
5.5 GeV electron beam at CLAS (preliminary), compared with the ISM prediction [10] (dashed
line).

14



6 Studies with CLAS12

The same clasDIS Monte Carlo generator was also used to study the Λ SIDIS electropro-
duction with a 11 GeV beam. Since no experimental data are available at these energies, the
JETSET parameter tuning made by the Hermes experiment has been adopted. The CLAS12
response has been simulated using the Fast-MC code, which gives a reasonable description of
the expected detector performances. The generated events have been processed considering
both torus field polarities.

The analysis procedure closely follows that of the 5.5 GeV CLAS data, described in the
previous section. The DIS cuts Q2 > 1 GeV2 and W 2 > 5 GeV2 are applied and the Λ is
identified in the invariant mass distribution of its decay proton and pion, as shown in Fig.
11 for the two torus field polarities. We see for reversed field not only a better resolution
(σ=0.5 MeV) compared to normal field (σ=0.8 MeV) but also a much bigger number of
reconstructed Λs (we recall that the two plots are produced from the same generated event
sample).

The reason of the difference is clear in the Fig. 12. With reversed field, CLAS12 has
a much bigger acceptance for large missing mass events, because of the better coverage for
the low energy pions produced in the Λ decay, as shown in the left plot of Fig. 13. On the
other hand, a slightly better acceptance is found with normal field polarity at large negative
values of xF , see the right plot in Fig. 13. A scatter plot of xF as a function of ζ is shown
in Fig. 14, we see that for xF < 0 the values of ζ never exceed 0.5.

From the physics interpretation point of view, the question may arise whether large
contributions from exclusive channels or the Λ produced in the decay of heavier hyperons
should be removed or not. The physics process leading to the Fracture Function definition
(see Fig. 6) requires an inclusive measurement including all the partial reaction channels. On
the other hand, it may happen that specific channels, produced through different reaction
mechanisms, may contribute significantly to the final sample of detected Λ. This was the case
of the exclusive eΛK+ final state in the 6 GeV CLAS analysis. Thus, looking at the partial
channels may give interesting information on the dynamics of the process, and, thanks to its
excellent PID capabilities, CLAS12 will allow these kind of studies.

Figure 11: Invariant mass of proton and π− for epπ−X events from ClasDIS and Fast-MC
simulations with 11 GeV electron beam for normal (right) and reversed (left) torus field
polarity.
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Besides exclusive channels, the Λ can be produced in the decay of heavier hyperons, for
example Σ0 → Λγ or Σ+(1385) → Λπ+. The contribution of Λ coming from Σ0 decay is
shown in the Fig. 15 by looking at the MM(eΛX) distribution from generated events. Is is
over the whole missing mass range of the order of 10%.

The Σ0 may be anyway reconstructed by looking at the invariant mass of the Λ and of one
photon detected in the CLAS12 calorimeters. The simulations (see Fig. 16 for the reversed
torus field setting) show that a significant fraction of the decay photons have energy high

Figure 12: Missing mass (left) and xF distributions of eΛX events from ClasDIS and Fast-MC
simulations with 11 GeV electron beam for the two torus field polarities.

Figure 13: Kinematic coverage of π− (upper plots) and protons (lower plots) in eΛX events
from ClasDIS and Fast-MC simulations with 11 GeV electron beam for normal (right) and
reversed (left) torus field polarity.
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enough to be detected. The background in the invariant mass distribution of the right plot of
Fig. 16 can be largely reduced by properly selecting the final sample of events, thus allowing
the measurement of the polarization of the Σ0, though with smaller statistical precision.

Similarly, in Fig. 17 we show the invariant mass distribution of Λπ+ pairs, where the

Figure 14: Scatter plot of xF versus ζ in eΛX events from ClasDIS and Fast-MC simulations
with 11 GeV electron beam for normal (right) and reversed (left) torus field polarity.

Figure 15: Missing Mass distribution from generated events (black histogram) and contribu-
tions from primary Λ (red histogram) and from Σ0 decays (blue histogram)
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Figure 16: Photon energy versus the reconstructed Σ0 invariant mass from the Σ0 → Λγ decay
(left plot) invariant mass projection (right plot: black histogram for all events; red histogram
for events with only one detected photon). Simulation with reversed torus field polarity.
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peak of the Σ+(1385) is clearly visible. The fraction of Λ produced through the Σ+(1385)
decay represents few percent of the total.

7 Projected Results

The proposed measurements requires an electron beam of 11 GeV with high polarization
and an unpolarized hydrogen target. Other already approved experiments (for example
E12-09-008 or E12-06-112) will have the same running conditions, with half of data taking
with normal polarity and half with reversed polarity of the torus field, thus no new running
time is necessary for our measurements. In addition, no special trigger requirements are
necessary. The SIDIS measurements usually use a one-electron trigger (i.e. a hit in the
High Threshold Cherenkov Counter in coincidence with the Electromagnetic Calorimeter
in the same sector). A more strict trigger condition as for example one electron plus one
charged particle is equally fine, because two opposite charge hadrons are always necessary
to reconstruct the Λ.

For the calculation of the projected errors, we assume 60 days of data taking (E12-06-
112). Because of the much bigger acceptance with reversed torus field, the estimate of the
foreseen statistical errors are computed only for this setting and considering half of the
approved running time. A further scaling of the running time by a factor of 3 has been
applied, to take into account other contributions that may reduce the figure-of-merit of the
measurement (as for example the trigger efficiency, the beam polarization, and so on).

The Fracture Functions depend upon the two variables xB and ζ. The unpolarized
Fracture Function M(xB, ζ) can be accessed through the measurement of the differential
cross section or of the Λ multiplicity, i.e. the unpolarized cross section normalized to the
number of DIS electrons. The statistical precision of these measurement in the xB vs ζ plane
is shown in Fig. 18. It is well below 10% in the whole kinematic plane. This small statistical
error will allow to study the xB and ζ dependence of the Λ production as a function of xF ,
in order to analyze the transition from the CFR to the TFR.

The procedure to compute the expected statistical precision of the extraction of the Λ
longitudinal polarization transfer coefficient is the same used with the 5.5 GeV CLAS data.

Figure 17: Invariant mass distribution of the Λπ+ pairs with fit of the Σ+(1385) peak. Simula-
tion with reversed torus field.
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We assume a constant DLL = 0.3 (roughly the value obtained in the TFR from the e1f data),
we then generate accordingly the beam helicity in the Monte Carlo data and we compute
the Beam Spin Asymmetry, eq. (27). An example of the reconstructed Λ mass distributions
obtained for the two generated helicity states for the bin xF = −0.55 and cos(θp) = 0.5
is shown in the left plot of Fig. 19. A fit of these distributions with a gaussian plus a
polynomial is used to subtract the background and to obtain the number of Λ. Then the
asymmetry is computed using eq. (27) and finally its cos(θp) dependency is fitted with a
straight line to extract from the fitted slope the Λ polarization using eq. (26). An example
of the fit for the bin xF = −0.25 is shown in the right plot of Fig. 19.

In Fig. 20, we show the projected results for the xF dependence, compared with the
e1f results and the ISM predictions [10]. An improvement by a factor bigger than 10 in the
statistical precision with respect to the e1f results can be obtained. In Fig. 21, we show the
missing mass and xB dependencies in the TFR, with the cut xF < 0.

Figure 18: Relative statistical error on the extraction of the unpolarized M(xB , ζ).

Figure 19: Left plot: simulated Λ mass distribution for the two helicity states in the bin
xF = −0.55 and cos(θp) = 0.5. Right plot: asymmetry as a function of cos(θp) for the bin
xF = −0.55.
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Multidimensional binning in the analysis will also be possible. As an example, we show
in Fig. 22 the projected polarization results as a function of xB at fixed ζ for xF < 0.

The high statistical precision of the data will allow the use of more refined analysis tools.
For example, by performing an unbinned likelihood fit of the event distributions one may in
principle extract at the same time all the allowed modulations of the Λ polarization discussed
in Sect. 3 and test the leading-twist expansion of eq. (21) with only the D0

z term being non-
zero. The tuning of these new tools is currently under development with the 5.5 GeV CLAS
data.

8 Summary

In this experiment we propose a study of the semi-inclusive electroproduction of the Λ. The
run conditions, maximum electron beam energy and unpolarized hydrogen target, are the
same as for the experiment E12-09-008 and E12-06-112, thus no additional running time is
requested. In addition, no special trigger is required for this measurement.

Figure 20: Projected results of the longitudinal spin transfer as a function of xF (red full
circles) compared with the e1f data and the ISM prediction [10]

Figure 21: Projected results of the longitudinal spin transfer as a function of xB and of the
missing mass (red full circles) compared with the e1f data and the ISM prediction [10]
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The high luminosity and the large acceptance of the CLAS12 detector will allow the
acquisition of an amount of data more than an order of magnitude higher than all the
experiments performed so far. This will allow multidimensional studies of the Λ polarization
with high statistical accuracy in the target fragmentation region. These data will provide
important inputs for the understanding of the Fracture Function, the underlying distribution
functions describing the SIDIS physics in the TFR. The current fragmentation region will
also be measured, even if with lower statistical accuracy due to the CLAS12 acceptance. The
comparison between the two regions will be important to better understand their separation
in terms of the available kinematic variables.
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